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The  Regulatory  Works  Appendix  describes  the  engineering  works  that  would  be 
necessary  to  accomplish  limited  regulation  of  Lake  Erie.  It  also  describes 
the  remedial  works  that  would  be  required  In  the  St.  Lawrence  River  to  accom¬ 
modate  combined  regulation  plans  for  Lakes  Erie  and  Ontario.  Plans  for 
limited  regulation  of  Lake  Erie  are  described  In  the  International  Lake  Erie 
Regulation  Study  Board's  main  report  and  Appendix  A  -  Lake  Regulation. 

Limited  regulation  of  Lake  Erie  would  require  dredging  of  its  outlet  river  so 
that  greater  flows  could  be  released  at  times  when  high  supplies  to  the  upper 
Great  Lakes  occur,  and  a  control  structure  capable  of  restoring  the  prepro¬ 
ject  outflow  condition  when  supplies  are  below  average.  This  appendix 
describes  the  existing  facilities  In  the  outlet  of  the  Lake  Erie,  and 
discusses  the  problems  encounted  In  providing  such  structures.  It  also 
outlines  several  Niagara  regulatory  works  alternatives,  describes  the  design 
criteria,  and  the  methods  used  In  preparing  preliminary  designs  and  cost 
estimates. 

The  various  regulation  plans  developed  for  Lake  Erie  require  various 
Increases  In  outlet  capacity.  In  order  to  Implement  these  regulation  plans, 
the  Board  examined  seven  different  Niagara  alternative  structures.  These 
structures  would  have  capacities  ranging  from  4,000  cubic  feet  per  second, 
such  as  the  case  of  the  modified  Black  Rock  Navigation  Lock,  to  about  30,000 
cfs,  such  as  the  case  of  the  partial  Niagara  River  structure. 

From  a  series  of  Lake  Erie  regulation  plans,  the  Board  selected  three  for 
more  detailed  evaluation.  These  are  Plans  6L,  15S,  and  25N.  Plan  6L  would 
require  the  use  of  the  Black  Rock  Navigation  Lock  modified  to  permit  year- 
round  operation.  The  average  annual  costs  and  their  cost  In  equivalent  pre¬ 
sent  worth,  are  $1.2  million  and  $13.8  million,  respectively.  Plan  15S  would 
require  the  construction  of  a  Squaw  Island  diversion  channel.  The  average 
annual  costs  and  their  cost  In  equivalent  present  worth,  are  $2.0  million  and 
$22.5  million,  respectively.  Plans  25N  would  require  channel  enlargement  In 
the  Niagara  River,  and  construction  of  a  structure  extending  part  way  from 
the  shore  Into  the  Niagara  River.  The  average  annual  costs  and  their  cost  In 
equivalent  present  worth,  are  $11.6  million  and  $134.3  million.  All  cost 
figures  are  at  July  1979  price  level. 

Limited  regulation  of  Lake  Erie  would  change  the  sequence  and  magnitude  of 
supplies  to  Lake  Ontario.  Noting  that  the  St.  Lawrence  Seaway  and  Power 
Project  could  not  cope  with  the  record  high  water  supplies  to  Lake  Ontario  In 
the  early  1970's,  the  Board  estimated  the  locations  and  extents  of  channel 
enlargements  that  would  be  required  In  the  St.  Lawrence  River.  Such  channel 
enlargements  would  provide  the  additional  capacities  so  that,  when  tested 
over  the  study  period  1900-1976,  the  resulting  levels  and  outflows  of  Lake 
Ontario  would  satisfy  the  International  Joint  Comission's  Orders  of  Approval 
for  the  regulation  of  Lake  Ontario. 

To  provide  the  capacities  solely  to  accommodate  the  high  supplies  of  the 
early  1970's,  channel  enlargements  In  the  International  and  Canadian  Reaches 
of  the  St.  Lawrence  River  would  be  required.  The  average  annual  costs  and 


their  cost  In  equivalent  present  worth,  are  $6.9  million  and  $80.1  million, 
respectively.  No  additional  channel  enlargement  would  be  required  for  Plan 
6L.  To  accommodate  Plan  15S,  the  average  annual  costs  of  the  channel 
enlargement  in  the  St.  Lawrence  River,  and  their  cost  in  present  worth,  are 
$8.3  million  and  $96.7  million,  respectively.  To  accommodate  Plan  25N,  the 
average  annual  costs  of  the  channel  enlargement  in  the  St.  Lawrence  River  and 
their  cost  in  present  worth,  are  $7.4  million  and  $85.6  million, 
respectively. 


TABLE  OF  CONTENTS 


SYNOPSIS 

TABLE  OF  CONTENTS 
LIST  OF  TABLES 
LIST  OF  FIGURES 
LIST  OF  ANNEXES 

LIST  OF  APPENDICES  TO  MAIN  REPORT 


Section  1 
INTRODUCTION 


1.1  General 

1.2  Purpose 

1.3  Scope 

1.4  Study  Organization 

1.5  Prior  Studies 

Section  2 

NIAGARA  RIVER  SYSTEM 

2.1  Preface 


2.2  Description  of  the  Project  Area 

2.2.1  General 

2.2.2  Existing  Regulatory  Works 

2.2.3  Power  Facilities  and  Flows 

2.2.4  Navigation  Facilities 

2.2.5  Bridges,  Docks,  and  Other  Facilities 


2.3  Selection  of  Regulatory  Works  Alternatives 

2.3.1  Niagara  River  Alternatives 

2.3.2  Black  Rock  Canal  •  Squaw  Island 

A1 ternatives 

2.3.3  Black  Rock  Canal  -  Black  Rock  Lock 

Alternatives 


B-1 


Page 

B-1 
B-1 11 
B-lv 
B-vlll 
B-vlll 


B-1 

B-2 

6-2 

B-2 

B-3 

B-4 

B-4 

B-4 

B-7 

B-8 

B-8 

B-8 

B-8 

B-9 

B-9 

B-12 


TABLE  OF  CONTENTS  (Cont'd) 


Page 

2.4 

Hydraulic  Considerations 

B-12 

2.4.1 

Assumptions 

B.12 

2.4.2 

Short  Period  Water  Levels  Fluctuations 

B-17 

2.4.3 

Ice  Problems 

B-17 

2.4.4 

Operational  Constraints 

B-IB 

2.4.5 

Met hod o1 ogy 

B-18 

2.5 

Design 

and  Cost  Estimates 

B-21 

2.5.1 

Topographic  and  Geotechnical  Characteristics 

B-21 

2.5.2 

Hydraulic  Design 

B-22 

2.5.3 

Control  Gates 

B-24 

2.5.4 

Structural  Design 

R-24 

2.5.5 

Channel  Enlargement 

B.26 

2.5.6 

Bank  Protection 

B-27 

2.5.7 

Shore  Protection  Works 

B-28 

2.5.8 

Cost  Estimates 

B-29 

2.6 

Regulatory  Works  Alternatives 

B.35 

2.6.1 

Alternative  N3 

B>35 

2.6.2 

Alternative  SI 

B-41 

2.6.3 

Alternative  S2 

B^4 

2.6.4 

Alternative  S3 

B-57 

2.6.5 

Alternative  LI 

B>64 

2.7 

Structural  Works  Required  for  Selected  Regulation 

Plans 

B-71 

2.7.1 

Regulation  Plan  25N 

B-71 

2.7.2 

Regulation  Plan  15S 

B-73 

2.7.3 

Regulation  Plan  6L 

B-75 

2.8 

Impacts  on  St.  Lawrence  River  System 

B-77 

Section  3 

ST.  LAWRENCE  RIVER  SYSTEM 


3.1 

Preface 

B-78 

3.2 

Description  of  the  Project  Area 

B-78 

3.2.1  General 

B-78 

3.2.2  Existing  Regulatory  and  Power  Facilities 

B.82 

3.2.3  Current  Operating  Plan 

6-84 

B-ii 


..3«-  -• 


ii 


TABLE  OF  CONTENTS  (Conf  d) 

Page 


3.2.4  Navigation  Facilities  B-84 

3.2.5  Bridges,  Wharves,  Ferries,  and 

other  Facilities  B-85 

Selection  of  Remedial  Works  Alternatives  B-85 

3.3.1  International  Reach  B-85 

3.3.2  Canadian  Reach  B-86 

Hydraulic  Considerations  B-86 

3.4.1  Assumptions  B-86 

3.4.2  Ice  Problems  B-87 

3.4.3  Methodology  B-87 

Design  and  Cost  Estimates  B-90 

3.5.1  Topographic  and  Geotechnical 

Characteristics  B-90 

3.5.2  International  Reach  B-91 

3.5.3  Canadian  Reach  B-lOO 

Remedial  Works  Required  for  Selected  Regulation 
Plans  B-105 

Section  4 

COST  SIMMARY  OF  REGULATORY  AND  REMEDIAL  WORKS 

General  B-111 

LIST  OF  TABLES 

Niagara  River  Area  Regulatory  Works  -  Discharge  B-23 

Capacities 

Niagara  River  Area  Regulatory  Works  -  Discharge  B-30 

Capacities  and  Cost  Estimates 

Niagara  River  Area  Regulatory  Works  -  Suimary  of  B-34 

Annual  Costs 

Regulation  Plan  25N  -  Project  Cost  Time  Profile  B-72 

Regulation  Plan  15S  -  Project  Cost  Time  Profile  P-74 

Regulation  Plan  6L  -  Project  Cost  Time  Profile  B-76 


TABLE  OF  CONTENTS  (Conf d) 
LIST  OF  TABLES  (Conf  d) 


Page 


B-7 

Excavation  Alternatives  in  the  International  Reach 
of  the  St.  Lawrence  River 

B-92 

B-8 

St.  Lawrence  River  Area  Remedial  Works  -  Summary  of 
Discharge  Capacities  and  Cost  Estimates  for 

Selected  Lake  Erie  Regulation  Plans 

B-101 

B-9 

Regulation  Plan  6L  and  the  Adjusted  Basis-of- 
Comparison  -  Project  Cost  Time  Profile  for 
International  Reach  of  the  St.  Lawrence  River 

B-107 

B-10 

Regulation  Plan  15S  -  Project  Cost  Time  Profile  for 
International  Reach  of  the  St.  Lawrence  River 

B-108 

B-11 

Regulation  Plan  25N  -  Project  Cost  Time  Profile  for 
International  Reach  of  the  St.  Lawrence  River 

B-109 

B-12 

Regulation  Plans  6L,  15S,  and  25N  and  the  Adjusted 
Basis-of-Comparison  -  Project  Cost  Time  Profile 
for  Canadian  Reach  of  the  St.  Lawrence  River 

B-110 

B-13 

Summary  of  Costs  of  Regulatory  and  Remedial  Works 

B-112 

LIST  OF  FIGURES 

B-1 

Niagara  River  -  Location  Map 

B-5 

B-2 

Aerial  Photograph  of  Upper  Niagara  River 

Looking  Upstream  Towards  Squaw  Island 

B-6 

B-3 

Niagara  River  Regulatory  Works  Alternatives 

B-10 

B-4 

Niagara  River  -  Alternative  N3  -  Location  Map 

B-11 

B-5 

Black  Rock  Canal  -  Squaw  Island  -  Alternative  SI  - 
Location  Map 

B-13 

B-6 

Black  Rock  Canal  -  Squaw  Island  -  Alternative  S2  - 
Location  Map 

B-14 

B-7 

Black  Rock  Canal  -  Squaw  Island  -  Alternative  S3  - 
Location  Map 

B-15 

B-8 

Black  Rock  Canal  -  Black  Rock  Lock  -  Alternative  LI  - 
Location  Map 

B-16 

B-iv 


•v, 


TABLE  OF  CONTENTS  (Cont'd) 

LIST  OF  FIGURES  (Cont'd) 

Page 


B-9  Operating  Plan  I  for  Diversion  via  Black  Rock  Canal  - 

Alternatives  SI,  S2,  and  S3  B-19 

B-IO  Operating  Plan  II  for  Diversion  via  Black  Rock  Canal  - 

Alternative  LI  B-20 

B-11  Niagara  River  Area  Regulatory  Works  -  Discharge 

Capacity  versus  Lake  Erie  Design  Discharge  B-32 

B>12  Niagara  River  Area  Regulatory  Works  -  Discharge 

Capacity  versus  First  Costs  B-33 

B-13  Niagara  River  -  Alternative  N3  -  Plan  N3-75*  Gates  (3)  B-36 

B-14  Niagara  River  -  Alternative  N3  -  Plan  N3-75'  Gates  (5)  B-37 

B-15  Niagara  River  -  Alternative  N3  -  Plan  N3-75'  Gates  (6)  B-38 

B-16  Niagara  River  -  Alternative  N3  -  Plan  N3-75'  Gates  (7)  B-39 

B-17  Niagara  River  -  Alternative  N3  -  Centerline  Profile  of 

Control  Structure  B-40 

B-18  Niagara  River  -  Alternative  N3  -  Discharge  Capacity 

versus  First  Costs  B-42 

B-19  Niagara  River  -  Alternative  N3  -  Annual  Costs 

versus  First  Costs  B-43 

11-20  Black  Rock  Canal  -  Squaw  Island  -  Alternative  SI  - 

Plan  Sl-30'  Gate  B-45 

B-21  Black  Rock  Canal  -  Squaw  Island  -  Alternative  SI  - 

Plan  Sl-75'  Gate  B-46 

B-22  Black  Rock  Canal  -  Squaw  Island  -  Alternative  SI  - 

Plan  Sl-110'  Gate  B-47 

B-23  Black  Rock  Canal  -  Squaw  Island  -  Alternative  SI  - 

Centerline  Profile  of  Control  Structure  B-48 

B-24  Black  Rock  Canal  -  Squaw  Island  -  Alternative  SI  - 

Cross  Sections  of  Diversion  Channel  B-49 

B-25  Black  Rock  Canal  -  Squaw  Island  -  Alternative  SI  - 

Discharge  Capacity  versus  First  Costs  B-50 


B-v 


TABLE  OF  CONTENTS  (Conf d) 
LIST  OF  FIGURES  (Conf d) 


Page 


B-26  Black  Rock  Canal  -  Squaw  Island  -  Alternative  SI  - 

Annual  Costs  versus  First  Costs  B-51 

B-27  Black  Rock  Canal  >  Squaw  Island  -  Alternative  S2  - 

Plan  S2-30'  Gate  B-52 

B-28  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S2  - 

Plan  S2-75'  Gate  B-53 

B-29  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S2  - 

Plan  S2-110'  Gate  B-54 

B-30  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S2  - 

Centerline  Profile  of  Control  Structure  B-55 

B>31  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S2  - 

Cross  Sections  of  Diversion  Channel  B-56 

B-32  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S2  - 

Discharge  Capacity  versus  First  Costs  B-58 

B-33  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S2  - 

Annual  Costs  versus  First  Costs  B-59 

B-34  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S3  - 

Plan  S3-90'  Gate  B-60 

B-35  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S3  - 

Plan  S3-90'  Gate  (2)  B-61 

B-36  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S3  - 

Plan  S3-90'  Gate  (3)  B-62 

B-37  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S3  - 

Centerline  Profile  of  Control  Structure  B-63 

B-38  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S3  - 

Discharge  Capacity  versus  First  Costs  B-65 

B-39  Black  Rock  Canal  -  Squaw  Island  -  Alternative  S3  - 

Annual  Costs  versus  First  Costs  B>66 

B-40  Black  Rock  Canal  -  Black  Rock  Lock  -  Alternative  LI  - 

Plan  of  Sector  Gates  B-67 


B-vi 


TABLE  OF  CONTENTS  (Conf d) 
LIST  OF  FIGURES  (Cont'd) 


Page 

B-41 

Black  Rock  Canal  -  Black  Rock  Lock  -  Alternative  LI  - 
Cross  Section  of  Sector  Gates 

B-68 

B-42 

Black  Rock  Canal  -  Black  Rock  Lock  -  Alternative  LI  - 
Discharge  Capacity  versus  First  Costs 

B-69 

B-43 

Black  Rock  Canal  -  Black  Rock  Lock  -  Alternative  LI  - 
Annual  Costs  versus  First  Costs 

B-70 

B-44 

St.  Lawrence  River  -  Location  Map 

B-79, 

B-80 

B-45 

Lachine  Rapids  Area  of  the  St.  Lawrence  River  - 
Location  Map 

B-89 

B-46 

Amount  of  Excavation  in  the  International  Reach  of  the 
St.  Lawrence  River  vs.  Permissible  Flow  Increases 

B.94 

B-47 

Maximum  Lake  Ontario  Outflow  Limitations  for  Existing 
Channel  Conditions  and  Potential  St.  Lawrence  River 
Excavation  Alternatives 

B-95 

B-48 

Location  Map  of  Channel  Enlargement  in  the 

International  Reach  of  the  St.  Lawrence  River 

B-96 

B-49 

Lake  Ontario  Envelope  Curves  for  the  Open  Water 

Condition  under  the  Adjusted  Basis>of-Comparison 
and  Plans  6L,  15S,  and  25N 

B-98 

B-50 

Amounts  of  Excavation  in  the  Canadian  Reach  of  the 

St.  Lawrence  River  vs.  Increases  in  River  Capacities 

B-103 

B-51 

Alternative  Remedial  Works  at  Lachine  Rapids 

B-104 

B-vii 


ANNEX  A 
ANNEX  B 

ANNEX  C 

ANNEX  D 
ANNEX  E 
ANNEX  F 


TABLE  OF  CONTENTS  (Cont'd) 

LIST  OF  ANNEXES 

Conversion  Factors  (British  to  Metric  Units) 

Terms  of  Reference,  Regulatory  Works  Subcommittee, 
16  January  1978 

Members  and  Associates  List,  Regulatory  Works 
Subcommittee  (1977-1981) 

Reference  List 

Rationale  for  the  Selection  of  N3  Alternative 
Computer  Program 


Page 

B-113 

B-114 

B-115 

B-116 

B-117 

B-119 


LIST  OF  APPENDICES 
(bound  separately) 

APPENDIX  A  -  LAKE  REGULATION 

A  detailed  description  of  the  various  factors 
which  govern  the  water  supply  to  the  Great  Lakes- 
St.  Lawrence  River  System  and  affect  the  response 
of  the  system  to  this  supply  along  with  documenta¬ 
tion  of  the  development  and  hydrologic  evaluation 
of  plans  for  limited  regulation  of  Lake  Erie. 

APPENDIX  B  -  REGULATORY  WORKS 

A  description  of  design  criteria  and  methods  used 
and  design  and  cost  estimates  of  the  regulatory 
and  remedial  works  required  in  the  Niagara  and 
St.  Lawrence  Rivers  to  facilitate  limited 
regulation  of  Lake  Erie. 

APPENDIX  C  -  COASTAL  ZONE 

A  docunentation  of  the  methodology  developed  to 
estimate  in  economic  terms  the  effects  of  changes 
in  water  level  regimes  on  erosion  and  Inundation 
of  the  shoreline  and  water  intakes  and  of  the 
detailed  economic  evaluations  of  plans  for 
limited  regulation  of  Lake  Erie. 


B-viii 


TABLE  OF  CONTENTS  (Cont'd) 
LIST  OF  APPENDICES  (Cont'd) 


APPENDIX  D  -  COMMERCIAL  NAVIGATION 

A  documentation  of  the  methodology  applied  In  the 
assessment  of  the  effects  on  shipping  using  the 
Great  Lakes-St.  Lawrence  navigation  system  as  a 
consequence  of  changes  In  lake  level  regimes 
and  the  evaluation  of  the  economic  effects  on 
navigation  of  regime  changes  that  would  take 
place  under  plans  for  limited  regulation  of 
Lake  Erie. 


APPENDIX  E  -  POWER 

A  documentation  of  the  methodology  applied  In  the 
assessment  of  the  effects  of  hydro-electric  power 
production  at  Installations  on  the  outlet  rivers 
of  the  Great  Lakes  and  of  the  detailed  economic 
evaluation  of  the  effects  of  plans  for  limited 
regulation  of  Lake  Erie  on  the  capacity  and 
energy  output  of  these  Installations. 

APPENDIX  F  -  ENVIROrWENTAL  EFFECTS 

A  documentation  of  the  qualitative  assessment  of 
the  effects  of  plans  for  limited  regulation  of 
Lake  Erie  on  fish,  wildlife,  and  water  quality 
within  the  lower  Great  Lakes  and  the  St. 

Lawrence  River. 

APPENDIX  G  -  RECREATIONAL  BEACHES  AND  BOATING 

A  documentation  of  the  methodology  applied  In  the 
assessment  of  the  effects  of  plans  fbr  limited 
regulation  of  Lake  Erie  on  beaches  and  recrea¬ 
tional  boating  activities,  along  with  a  detailed 
economic  evaluation,  within  the  lower  Great  Lakes 
and  the  St.  Lawrence  River. 

APPENDIX  H  -  PUBLIC  INFORMATION  PROGRAM 

A  documentation  of  the  public  information 
program  utilized  throughout  the  study  to 
inform  the  public  of  study  activities  and 
findings  and  provide  a  vehicle  for  public 
comment  on  the  study. 
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Section  1 


INTKODUCTION 


1.1  lieneral 

As  d  result  of  d  recommendation  in  the  International  Joint  Commission's 
197b  Keport  to  the  Governments  of  Canada  and  the  United  States,  entitled 
"Further  Regulation  of  the  Great  Lakes,"  the  Governments  issued  on 
February  21,  1977  a  reference  to  the  International  Joint  Commission  (IJC). 
Pursuant  to  this  reference,  the  Commission  established  the  International 
Lake  Erie  Regulation  Study  Board.  The  Commission  directed  the  Board  to 
undertake  a  study  to  determine  possibilities  for  lowering  extremely  high 
water  levels  by  limited  regulation  of  Lake  Erie,  taking  into  account  the 
applicable  Orders  of  Approval  of  the  Conmission  and  the  recommendations  of 
the  Canada-Ouebec  study  of  flow  regulation  in  the  Montreal  region.  As  part 
of  the  study,  the  Board  examined  a  broad  spectrum  of  regulation-related 
economic,  social,  and  environmental  effects  of  limited  regulation  throughout 
the  Great  Lakes  Basin,  including  the  International  and  Canadian  Reaches  of 
the  St.  Lawrence  River.  Any  modification  to  the  outflows  of  Lake  Erie  would 
affect  a  portion  of  the  supply  of  water  to  Lake  Ontario  and,  to  some  extent, 
affect  the  levels  and  outflows  of  the  upper  Great  Lakes.  In  this  regard,  the 
Board  evaluated  three  regulation  categories  for  study  purposes.  Categories  1 
and  Z  consider  Lake  Erie  regulation  constrained  by  the  present  Orders  of 
Approval  and  channel  limitations  of  the  St.  Lawrence  River.  Category  3  con¬ 
siders  channel  modifications  and/or  remedial  measures  in  the  St.  Lawrence 
River  to  accommodate  regulation  of  Lakes  Lrie  and  Ontario.  A  more  detailed 
description  of  the  three  regulation  categories  is  presented  in  Appendix  A, 
Lake  Regulation.  The  Cornnission  further  directed  that  if  the  Board  finds 
that  new  or  altered  regulatory  works  or  other  measures  would  be  practical,  it 
should  estimate  their  costs,  and  the  effects,  whether  beneficial  or  adverse, 
on  the  various  interests.  I^reover,  the  cost  and  effects  of  remedial  works 
needed  to  compensate  for  any  adverse  effects  resulting  from  such  regulatory 
works  should  also  be  examined.  In  this  regard,  the  Board  studied  the  reme¬ 
dial  works  that  would  be  necessary  in  the  St.  Lawrence  River  to  accoimiodate 
increased  flows  resulting  from  limited  regulation  of  Lake  Erie  under 
Category  3. 

Limited  regulation  of  Lake  Erie  requires  up  to  three  basic  engineering 
alterations:  first,  channel  enlargements  are  required  to  increase  the 
discharge  capacity  of  the  Niagara  River  outlet  so  that,  when  necessary,  more 
water  could  be  released  than  under  unregulated  conditions;  second,  a  control 
structure  is  needed  to  decrease  the  outflow  to  restore  preproject  conditions 
during  periods  of  low  and  average  lake  levels;  and,  third,  channel  enlarge¬ 
ments  are  necessary  to  increase  the  discharge  capacity  of  the  St.  Lawrence 
River  so  as  to  meet  the  requirements  for  the  regulation  of  Lake  Ontario.  The 
channel  enlargements,  new  structures,  and  appurtenant  works  considered 
necessary  to  accomplish  limited  regulation  of  Lake  Erie  are  the  subject  of 
this  Appendix. 
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1.2  Purpose 


The  purpose  of  this  Appendix  is  to  describe  the  outlet  systems  of  Lake 
Erie  and  Lake  Ontario,  the  problems  to  be  faced  In  providing  the  required 
regulatory  and  remedial  facilities,  the  design  criteria  and  methods  used,  and 
the  preliminary  designs  and  cost  estimates  of  the  engineering  works  which 
would  be  required  to  Institute  the  various  regulation  plans  considered  in 
this  study. 

1.3  Scope 

To  provide  limited  regulation  of  Lake  Erie  under  Categories  1  and  2,  a 
control  structure  and/or  channel  enlargement  would  be  required  at  the  head  of 
the  Niagara  River.  Section  2  of  this  Appendix  deals  with  the  Niagara  River 
system  and  discusses  the  various  regulatory  works  alternatives  that  were  con¬ 
sidered  in  the  study  process.  The  St.  Lawrence  River  system  is  the  subject 
of  Section  3.  Limited  regulation  of  Lake  Erie  would  result  in  an  increase  in 
the  frequency  and  duration  of  high  Lake  Ontario  outflows  and  would  require  an 
Increase  in  the  discharge  capacity  of  the  St.  Lawrence  River  under  Category 
3.  To  provide  the  necessary  discharge  capacity,  channel  enlargements  would 
be  required  in  certain  sections  of  the  International  Reach  of  the  river.  In 
addition,  channel  enlargements  would  also  be  required  in  the  Lachine  Rapids 
section  of  the  Canadian  Reach  to  mitigate  flooding  in  Lake  St.  Louis  area. 

The  designs  and  cost  estimates  for  each  regulatory  works  alternative  are 
included  in  Sections  2  and  3  along  with  cost  estimates  for  the  various 
selected  regulation  plans. 

Throughout  the  course  of  these  studies,  a  number  of  reports  were  pre¬ 
pared  by  various  governmental  agencies  and  private  consulting  engineering 
firms  from  i4i1ch  appropriate  material  was  drawn  for  the  purpose  of  the  preli¬ 
minary  design  of  regulatory  works.  A  reference  list  is  included  in  Annex  C. 

All  data  which  were  used  during  the  course  of  these  regulatory  works 
studies,  including  contributory  reports,  are  filed  in  a  central  location  in 
Canada  and  the  United  States.  These  data  may  be  obtained  at  either  of  the 
following  agencies: 

Water  Planning  and  Management  Branch 
Inland  Waters  Directorate 
Environment  Canada 
P.O.  Box  5050 

Burlington,  Ontario  Canada  L7R4A6 

Buffalo  District 

U.  S.  Ariny  Corps  of  Engineers 

1776  Niagara  Street 

Buffalo,  New  York,  U.  S.  A.  14207 

1.4  Study  Organization 


The  Working  Committee,  established  by  the  Lake  Erie  Regulation  Study 
Board,  created  a  Regulatory  Works  Subcommittee  to  conduct  the  necessary  engi¬ 
neering  studies  and  to  prepare  designs  and  cost  estimates  of  the  works  which 


would  be  required  to  implement  the  selected  regulations  plans.  The  terms  of 
reference  of  the  subcommittee  are  reproduced  as  Annex  A.  The  subconinittee 
was  comprised  of  personnel  from  the  U.  S.  Arniy  Corps  of  Engineers,  Power 
Authority  of  State  of  New  York,  New  York  State  Department  of  Environmental 
Conservation,  St.  Lawrence  Seaway  Development  Corporation,  Canadian 
Department  of  environment,  Canadian  Department  of  Public  Works  and  Ontario 
Hydro.  The  members  of  this  subcommittee  are  listed  in  Annex  B. 

1.5  Prior  Studies 

The  most  significant  relevant  prior  studies  were  conducted  by  the 
International  Great  Lakes  Levels  Board  and  the  U.  S.  Army  Corps  of  Engineers. 
The  findings  of  the  Levels  Board  were  published  in  a  report  dated  December 
1973,  entitled  “Regulation  of  Great  Lakes  Water  Levels,  Report  to  the 
International  Joint  Commission."  Appendix  G  of  that  report  describes  the 
engineering  works  that  would  be  necessary  to  accomplish  further  regulation  of 
the  levels  and  flows  of  the  Great  Lakes.  In  particular.  Section  4  of 
Appendix  G  describes  two  alternatives  for  Niagara  River  control  structures 
and  channel  enlargement  to  either  Increase  or  decrease  the  levels  and  flows 
of  Lake  Erie.  Section  4  also  provides  a  preliminary  appraisal  of  a  plan  for 
increasing  Lake  Erie  outflow  via  the  Black  Rock  Canal  and  a  diversion 
channel /control  structure  to  be  located  on  Squaw  Island.  The  findings  of  the 
Corps  of  Engineers  were  published  In  a  report  dated  September  1974,  entitled 
"Report  on  Superior-Erie-Ontario  Regulation  Plan,  SE0-17P."  The  letter 
report  focused  on  plans  for  the  limited  regulation  of  Lake  Erie  and  was  an 
extension  of  the  Squaw  Island  diversion  channel  study  documented  in  the  1973 
Levels  Board  Report  discussed  above.  For  the  present  study,  a  wide  range  of 
alternative  plans  were  developed  and  optimized  utilizing  different  types  and 
locations  of  structures. 

The  subcommittee  has  also,  wherever  appropriate,  referred  to  and  drawn 
upon  information  given  in  reports  of  other  IJC  studies  and  the  results  of 
various  independent  studies. 
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NIAGARA  RIVER  SYSTEM 


2.1  Preface 

An  array  of  structural  alternatives  in  the  Niagara  River  was  chosen  to 
accommodate  a  wide  range  of  flows  permitting  limited  regulation  of  Lake 
Erie  associated  with  the  three  regulation  categories  selected  for  study 
purposes  and  discussed  in  Section  1.1.  Preliminary  engineering  designs  and 
cost  estimates  for  regulatory  works  in  the  Niagara  River  were  prepared  to: 

(1)  facilitate  site  selection;  (2)  provide  a  range  of  discharge  capacity 
versus  cost  curves  to  be  used  as  input  during  the  formulation  of  regulation 
plans;  and  (3)  form  a  basis  for  the  evaluation  of  the  selected  regulation 
plans  presented  in  Appendix  A,  Lake  Regulation.  The  following  is  a  detailed 
summary  of  the  studies  completed  and  preliminary  results. 

2.2  Description  of  the  Project  Area 

The  Niagara  River,  about  35  miles  in  length,  links  Lake  Erie  at  Buffalo, 
New  York,  and  Lake  Ontario  at  Niagara-on-the-Lake,  Ontario.  The  average 
fall  over  its  course  is  325  feet,  about  half  of  which  is  concentrated  at 
Niagara  Falls,  located  approximately  22  miles  below  the  head  of  the  river. 
Over  the  period  1900-1976,  the  monthly  mean  Niagara  River  discharge  has 
varied  from  265,000  cfs  to  116,000  cfs  and  has  averaged  about  200,000  cfs. 

A  portion  of  the  Lake  Erie  outflow  is  also  diverted  through  the  Welland 
Canal . 


2.2.1  General 

An  outstanding  physical  characteristic  of  the  Niagara  River  is  the 
rapid  change  in  the  water  surface  profile  between  various  points  on  the  river 
system.  The  Niagara  River  may  be  considered  to  consist  of  three  major 
reaches:  the  Upper  Niagara  River;  the  Niagara  Cascades  and  Falls;  and,  the 
Lower  Niagara  River  which  extends  from  the  foot  of  the  Falls  at  the 
Maid-of-the  Mist  Pool  to  Lake  Ontario.  A  location  map  of  the  Niagara  River 
and  surrounding  area  is  shown  on  Figure  B-1. 

The  Upper  Niagara  River,  which  extends  from  Lake  Erie  below  Buffalo 
Harbor  to  the  Cascades  and  Niagara  Falls,  is  of  primary  interest  since  regu¬ 
latory  works  must  be  located  in  the  upper  portion  of  this  reach  to  fulfill 
the  study  objectives.  An  aerial  photograph  of  the  reach,  extending  from  the 
Peace  Bridge  to  the  downstream  extremity  of  Squaw  Island  is  shown  on  Figure 
B-2. 


From  Lake  Erie  to  Strawberry  Island,  a  distance  of  approximately 
5  miles,  the  channel  width  varies  from  9,000  feet  at  its  funnel-shaped 
entrance  to  1,500  feet  at  Squaw  Island  below  the  Peace  Bridge.  The  fall  over 
this  upper  5-mile  portion  is  6.1  feet.  In  the  upper  2  miles  of  the  river, 
the  maximum  depth  is  approximately  20  feet  with  velocities  as  high  as  12  fps 
in  the  vicinity  of  the  Peace  Bridge.  This  part  of  the  river  is  paralleled  by 
the  Black  Rock  Canal.  Below  Squaw  Island,  the  river  widens  to  approximately 
2,000  feet  and  becomes  more  placid  with  velocities  of  4  to  5  feet  per  second. 
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FIGURE  8-1 


The  Upper  Niagara  River  is  suitable  for  recreational  boating.  Downstream 
from  Navy  Island,  boating  is  discouraged  due  to  the  danger  of  being  swept 
over  Niagara  Falls. 

At  Strawberry  and  Grand  Islands,  the  river  is  divided  into  two  channels, 
the  Chippawa  Channel  and  the  Tonawanda  Channel.  The  Chippawa  Channel  is 
approximately  11  miles  in  length  and  varies  from  2,000  to  4,000  feet  in 
width.  Velocities  range  from  2  to  3  fps.  The  Chippawa  Channel  carries 
approximately  60  percent  of  the  total  river  flow.  The  Tonawanda  Channel  is 
approximately  15  miles  long  and  varies  from  1,500  to  2,000  feet  in  width 
above  Tonawanda  Island.  Downstream  thereof,  the  channel  varies  from  1,500  to 
4,000  feet  in  width.  Velocities  range  from  2  to  3  fps.  The  islands  of  Navy 
and  Tonawanda  are  located  in  the  Chippawa  and  Tonawanda  Channels, 
respectively. 

At  the  foot  (north)  of  Grand  Island,  the  channels  unite  to  form  the 
3-m11e-long  Chippawa-Grass  Island  Pool  which  leads  to  a  partial  control 
structure  extending  from  the  Canadian  shoreline.  This  structure  is  located 
approximately  4,500  feet  upstream  of  the  Falls.  The  fall  from  Lake  Erie  to 
the  Chippawa-Grass  Island  Pool  control  structure  is  about  10  feet. 

The  immediate  project  area  extends  from  Lake  Erie  below  Buffalo  Harbor 
to  the  downstream  extremity  of  Squaw  Island,  a  distance  of  approximately 
3-1/2  miles. 


2.2.2  Existing  Regulatory  Works 

To  fulfill  the  objectives  of  the  1950  Niagara  Diversion  Treaty,  a 
control  structure  was  constructed  in  the  lower  end  of  the  Chippawa-Grass 
Island  Pool  approximately  4,500  feet  upstream  of  the  Falls.  The  control 
structure  permits  the  diversion  of  water  to  the  Sir  Adam  Beck  and  Robert 
Moses  high-head  power  plants  and  the  maintenance  of  the  minimum  flows 
required  by  the  Treaty  over  the  Falls.  The  original  structure,  as 
constructed  between  1954  and  1957,  consists  of  thirteen  100-foot  gates  for  a 
total  length  of  1,500  feet.  Following  completion  of  power  facilities  expan¬ 
sion  in  1961,  five  additional  100-foot  gates  were  constructed  between  1961 
and  1963.  A  man-made  Island,  called  Tower  Island,  was  constructed  at  the  end 
of  the  structure. 

The  control  structure  is  operated  by  the  Power  Entities  to  maintain 
flows  of  not  less  than  100,000  cfs  over  the  Falls  during  the  daylight  hours 
of  the  tourist  season  and  not  less  than  50,000  cfs  at  other  times.  The 
directives  of  the  International  Niagara  Board  of  Control,  dated  30  June  1955 
and  27  February  1973,  require  the  entities  to  operate  the  control  structure 
such  that  the  levels  of  Chippawa-Grass  Island  Pool  are  maintained  as  near  as 
practicable  to  its  long-term  mean  natural  level  of  561.0  feet  (IGLO)  as 
recorded  at  Material  Dock  gauge.  The  effect  of  this  control  structure  does 
not  extend  far  enough  upstream  to  alter  the  natural  outflow  of  Lake  Erie  into 
the  Niagara  River. 


B-7 


2.2.3  Power  Facilities  and  Flows 


All  power  diversions  are  made  in  compliance  with  the  1950  Niagara 
Diversion  Treaty  so  that  the  criteria  as  outlined  in  paragraph  2.2.2  above 
are  met.  A  description  of  the  plants  and  the  corresponding  diversions  are 
discussed  in  Appendix  E,  Power. 

2.2.4  Navigation  Facilities 

The  Black  Rock  Canal  parallels  the  upper  reach  of  the  Niagara  River 
from  Buffalo  Harbor  to  the  downstream  end  of  Squaw  Island,  from  which  point  a 
navigation  channel  in  the  river  extends  to  Tonawanda,  New  York.  The  canal 
and  navigation  channel  have  a  depth  of  about  21  feet.  The  canal  provides  an 
alternate  route  around  the  constricted,  shallow,  and  high  velocity  Peace 
Bridge  reach  at  the  head  of  Niagara  River.  Extending  from  Buffalo  Harbor  to 
the  river  above  Strawberry  Island,  the  canal  is  separated  from  the  river  by  a 
series  of  stone  and  concrete  walls  and  by  Squaw  Island.  The  Black  Rock  Lock, 
which  has  a  lift  of  about  5  feet,  is  located  near  the  lower  end  of  the  canal. 
Operation  of  the  lock  requires  the  equivalent  of  a  flow  of  about  10  cfs. 

From  Tonawanda  to  Niagara  Falls,  New  York,  opposite  the  southern  tip  of  Grand 
Island,  a  navigation  channel  with  a  minimum  depth  of  12  feet  below  low  water 
datum  is  maintained. 

A  further  discussion  of  navigation  facilities  and  the  effects  of 
limited  regulation  of  Lake  Erie  on  commercial  navigation  can  be  found  in 
Appendix  C,  Commercial  Navigation. 

2.2.5  Bridges,  Docks,  and  Other  Facilities 

Two  bridges  linking  the  Province  of  Ontario  and  the  State  of  New  York 
are  located  over  the  Upper  Niagara  River.  The  Peace  Bridge  (highway)  crosses 
the  head  of  the  river  and  the  Black  Rock  Canal  near  Lake  Erie.  The 
International  Railroad  bridge  crosses  the  river  and  the  canal  about  1.5  miles 
downstream  from  the  Peace  Bridge.  The  South  and  North  Grand  Island  highway 
bridges  traverse  the  Tonawanda  Channel  at  Kenmore  and  Niagara  Falls,  New 
York,  respectively. 

Docks  for  recreational  craft  are  located  at  many  points  along  the  Upper 
Niagara  River  with  a  particularly  high  concentration  along  Grand  Island. 

There  are  commercial  docks  for  bulk  commodities  along  the  United  States 
shoreline  between  the  lower  end  of  Black  Rock  Canal  and  North  Tonawanda,  New 
York. 


Several  municipal  and  industrial  water  intakes  and  waste  outfalls  are 
located  in  the  upper  river.  Some  of  these  have  structures  extending  above 
the  water  surface.  The  Buffalo  sewage  treatment  plant  is  located  on  the 
upper  end  of  Squaw  Island  between  the  Black  Rock  Canal  and  the  river. 

2.3  Selection  of  Regulatory  Works  Alternatives 

To  provide  for  limited  regulation  of  Lake  Erie  during  periods  of  high 
supply,  an  array  of  seven  structural  alternatives  were  chosen  to  acconmodate 
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a  wide  range  of  increased  flows  from  Lake  Erie.  The  locations  of  the  seven 
alternatives  are  shown  on  Figure  B~3.  These  alternatives  are  grouped  into 
three  types  and  involve  the  following: 

1.  Series  "N"  -  Construction  of  a  partial  control  structure  located 
in  the  Niagara  River  along  with  compensating  dredging; 

2.  Series  "S"  -  Construction  of  a  control  structure  and  diversion 
channel  across  Squaw  Island; 

3.  Series  "L"  -  Modification  of  the  existing  Black  Rock  Lock  to  permit 
diversion  flow  through  the  open  lock  chamber. 

After  reviewing  the  seven  possible  alternatives,  preliminary  designs 
and  cost  estimates  were  prepared  for  regulatory  works  involving  five  of  these 
seven  alternatives;  namely  LI,  SI,  S2,  S3,  and  N3  (Figure  B-3).  Preliminary 
hydraulic  investigations  of  the  Niagara  River  alternatives  indicated  that  N1 
and  N2  were  the  least  economical  of  the  river  plans  and  were  eliminated  from 
further  consideration.  Alternative  N3  was  selected  as  the  most  feasible  N 
type  option.  The  rationale  for  selection  of  alternative  N3  is  contained  in 
Annex  0. 

The  three  types  of  regulatory  works  alternatives  under  consideration 
are  discussed  briefly  below.  A  detailed  description  of  each  alternative  is 
included  in  Section  2.6. 

2.3.1  Niagara  River  Alternatives 

In  the  Niagara  River,  alternatives  N1  and  N2  would  require  multi-gated 
control  structures  located  at  sites  previously  selected  and  described  in  the 
Levels  Board  1973  Report.  Alternative  N3  would  require  a  multi-gated  struc¬ 
ture  located  in  the  river  approximately  300  feet  downstream  from  the  existing 
Peace  Bridge.  Each  of  the  alternatives  would  also  require  extensive  coffer¬ 
dams  during  construction  and  substantial  amounts  of  rock  dredging  within  the 
river  channel.  Size  variations  of  the  series  "N"  alternatives  would  increase 
the  river's  annual  discharge  capacity  up  to  29,000  cfs  and  would  cost  up  to 
$129.6  mill  ion. 

Figure  B-4  is  a  location  map  of  alternative  N3  which  is  typical  of  the 
series  "N"  alternatives. 

2.3.2  Black  Rock  Canal  -  Squaw  Island  Alternatives 

On  Squaw  Island,  alternative  SI  would  require  a  diversion  channel  and 
control  structure  located  along  an  alignment  selected  by  the  Levels  Board  and 
described  in  their  December  1973  report.  Alternative  S2  would  require  a 
diversion  channel  and  control  structure  located  along  an  alignment  parallel 
to  and  adjacent  to  the  existing  Black  Rock  Lock.  Alternative  S3  would 
require  a  control  structure  located  along  the  existing  alignment  of  the  Bird 
Island  Pier  at  the  upstream  end  of  Squaw  Island.  Each  of  the  Squaw  Island 
alternatives  also  require  varying  amounts  of  bank  protection  at  critical 
locations  along  the  Black  '^ock  Canal.  Likewise,  the  net  annual  discharge 
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capacity  of  each  alternative  would  be  substantially  limited  by  seasonal  navi¬ 
gation  requirements  in  the  canal.  In  addition,  alternatives  SI  and  S2  would 
require  substantial  expenditures  for  real  estate  since  they  would  be  located 
on  land  owned  by  the  city  of  Buffalo.  Size  variations  of  the  series  "S" 
alternatives  would  increase  the  net  annual  discharge  capacity  of  the  Niagara 
River  up  to  12,000  cfs  and  would  cost  up  to  $32.0  million. 

Location  maps  of  the  series  "S"  alternatives  are  shown  on  Figures  B-5, 
B-6,  and  B-7. 

2.3.3  Black  Rock  Canal  -  Black  Rock  Lock  Alternatives 

Alternative  LI  would  require  modifying  the  existing  Black  Rock  Lock  by 
the  addition  of  a  pair  of  sector  gates.  Since  dimensional  modification  of 
the  lock  chamber  is  not  permissible,  the  maximum  discharge  capacity  of  this 
alternative  is  limited.  This  alternative  would  also  require  bank  protection 
at  critical  locations  along  the  Black  Rock  Canal  to  achieve  mid-range  through 
maximum  discharge  capacity.  In  addition,  operation  of  the  lock  to  accom¬ 
modate  seasonal  navigation  requirements  in  the  Black  Rock  Canal  would 
substantially  limit  the  net  annual  discharge  capacity  of  this  alternative. 
Variations  of  alternative  LI  would  increase  the  net  annual  discharge  capacity 
of  Niagara  River  up  to  9,000  cfs  and  would  cost  up  to  $13.1  million. 

Figure  B-8  is  a  location  map  of  alternative  LI  which  is  ly.’.\.al  r*  fhe 
series  "L''  alternatives. 

2.4  Hydraulic  Considerations 

The  principal  hydraulic  considerations  utilized  in  studies  of  Lake 
Erie  regulatory  works  are  discussed  below. 

2.4.1  Assumptions 

Basic  assumptions  made  in  the  study  process  were: 

1.  Uniform  hydraulic  conditions  for  Lake  Erie  will  be  adopted  in 
order  to  permit  the  hydrologic  comparison  of  various  regulation  plans  on  a 
consistent  basis; 

2.  The  level  of  Chippawa-Grass  Island  Pool  will  be  maintained  in 
accordance  with  the  current  operating  procedures  directed  by  the 
International  Niagara  Board  of  Control,  as  detailed  in  its  order  of 

27  February  1973; 

3.  Flow  diversions  through  the  Welland  Canal  will  not  change; 

4.  The  Niagara  River  Ice  Boom  will  be  kept  in  operation; 

5.  Diversion  flows  associated  with  alternatives  utilizing  the  Black 
Rock  Canal  will  be  subject  to  operational  constraints  to  accommodate  both 
commercial  and  recreational  navigation. 
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2.4.2  Short  Period  Water  Level  Fluctuations 


Of  the  five  Great  Lakes,  Lake  Erie  is  the  shallowest  with  an  average 
depth  from  low  water  datum  of  62  feet.  The  prevailing  wind  over  the  Lake 
Erie  basin  is  south  westerly  which  coincides  with  the  longitudinal  axis  of 
the  lake  causing  significant  storm  surge  or  wave  setup.  Of  significance, 
also,  is  the  oscillation  of  the  lake  surface  produced  by  changes  in  wind 
and/or  barometric  pressure  commonly  referred  to  as  a  seiche.  Wind-produced 
seiches  follow  cessation  or  shifts  in  wind  direction  after  a  period  of  rela¬ 
tively  steady  wind  in  one  direction.  A  rise  in  water  surface  elevation,  due 
to  storm  surge<  of  5  feet  above  the  prestorm  level  can  be  expected  annually 
at  Buffalo.  The  maximum  recorded  storm  surge  at  the  Buffalo  gauge  is  about  8 
feet.  This  elevation  was  utilized  in  the  preliminary  design  of  regulatory 
works . 


2.4.3  Ice  Problems 

During  winter,  thin  ice  sheets  may  form  in  shallow  areas  of  the  Niagara 
River  near  shore.  A  heavy  ice  sheet  may  also  form  over  extensive  areas  of 
the  Black  Rock  Canal.  However,  the  principal  problem  in  the  area  is  the 
breakup  of  the  ice  field  in  Lake  Erie,  which  results  in  the  passage  of  ice 
both  down  the  river  and  into  the  canal.  Ice  floes  have  been  observed  with 
thicknesses  up  to  20  feet  in  the  upper  river  and  up  to  several  feet  in  the 
canal.  The  Power  Entities,  PASNY  and  Ontario  Hydro,  employ  icebreakers  in 
the  vicinity  of  their  power  intakes  to  maintain  power  diversions.  Frazil  and 
anchor  ice  conditions  occur  periodically,  causing  reductions  in  the  cross- 
sectional  area  of  the  river  channel  and  blocking  power  intakes  thus  reducing 
flows  available  for  power  generation.  However,  frazil  and  anchor  ice 
problems  are  considered  secondary  to  those  caused  by  the  breakup  of  the  Lake 
Erie  ice  field. 

Each  winter,  beginning  in  1964  with  the  approval  of  the  International 
Joint  Commission,  the  Power  Entities  have  installed  a  floating  ice  boom  in 
Lake  Erie,  at  the  head  of  the  Niagara  River.  The  boom  is  normally  placed  in 
December  and  removed  in  April.  The  purpose  of  the  ice  boom  is  to  r^uce  the 
frequency  and  duration  of  ice  runs  from  Lake  Erie.  Placement  of  the  boom 
hastens  and  lends  stability  to  the  formation  of  a  natural  ice  arch  that  takes 
place  near  the  head  of  the  Niagara  River  nearly  every  winter.  Once  the  ice 
arch  is  formed,  the  arch  bears  the  normal  pressure  of  lake  ice.  Under  storm 
conditions,  the  boom  is  designed  to  submerge  in  the  face  of  severe  ice 
pressures  thereby  permitting  some  of  the  ice  cover  to  pass.  When  the  storm 
subsides  and  pressure  is  dissipated,  the  boom  emerges  to  prevent  continuing 
passage  of  ice.  It  has  been  generally  successful  in  preventing  severe  ice 
jamming  in  the  Niagara  River. 

Ice  problems  would  have  considerable  impact  on  the  hydraulic  design  and 
construction  of  any  structure  in  the  Niagara  River  and  would  affect,  to  a 
lesser  degree,  any  diversion  plan  via  the  Black  Rock  Canal.  Due  to  the 
complexity,  variability,  and  indeterminate  nature  of  the  ice  problem, 
detailed  engineering  evaluations  were  deferred.  Although  ice  management 
features  were  incorporated  into  the  preliminary  designs  and  cost  estimates 
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based  on  literature  surveys  and  operational  experience,  the  subject  of  ice 
problems  should  be  thoroughly  addressed  in  any  advanced  design  of  structures 
in  the  Niagara  River. 

2.4.4  Operational  Constraints 

Any  diversion  flow  through  the  Black  Rock  Canal  would  have  an  adverse 
impact  on  both  commercial  and  recreational  navigation.  To  minimize  this 
impact,  diversions  via  the  canal  would  be  restricted  to  night  hours  during 
the  navigation  season.  Operating  plans  were  developed  to  be  used  in 
conjunction  with  the  Squaw  Island  series  "S"  alternatives  and  another, 
somewhat  more  restrictive,  plan  to  be  used  with  the  Black  Rock  Lock 
series  "L"  alternative.  These  operating  plans  are  shown  on  Figures  B-9 
and  B-10.  Each  of  these  operating  plans  would  substantially  limit  the  daily 
diversion  flows  on  a  seasonal  basis  in  order  to  accommodate  the  overall 
navigation  requirements  in  the  Black  Rock  Canal.  The  effect  of  each 
operating  plan  on  diversion  flow  in  the  canal  is  indicated  by  an  efficiency 
factor.  This  factor  represents  the  percentage  of  possible  channel  capacity 
available  due  to  the  imposed  operating  constraints. 

2.4.5  Methodology 

Steady-state  mathematical  models  were  developed  for  hydraulic  analyses 
of  the  Upper  Niagara  River  and  the  Black  Rock  Canal.  Essentially,  the  models 
are  computer  programs  which  perform  backwater  computations  under  steady-state 
flow  conditions.  The  Niagara  River  model  extends  from  the  Chippawa-Grass 
Island  Pool  to  the  head  of  the  river  at  Buffalo,  New  York  and  utilizes  a 
U.  S.  ^rmy  Corps  of  Engineers  computer  program  entitled,  "Steady-State 
Sub-Critical  Flow  Backwater  Model  for  the  Niagara  River."  A  listing  of  this 
computer  program  is  contained  in  Annex  E.  The  Black  Rock  Canal  model  extends 
from  the  appropriate  downstream  confluence  of  the  canal  and  river,  depending 
upon  the  alternative  under  study,  to  the  head  of  the  canal  at  Buffalo  Harbor. 
This  model  employs  a  computer  program  developed  by  the  U.  S.  Army  Corps  of 
Engineers,  Hydrologic  Engineering  Center,  and  entitled,  "Computer  Program 
723-X6-L202A;  HEC-2  Water  Surface  Profiles."  The  models  were  calibrated 
using  flows  and  levels  obtained  by  measurement  programs  conducted  by  Water 
Survey  of  Canada,  Environment  Canada,  and  Detroit  District,  U.  S.  Army  Corps 
of  Engineers. 

The  mathematical  models  were  utilized  to  determine  the  nature  and  extent 
of  channel  enlargements  and/or  modifications  needed  to  meet  the  hydraulic 
requirements  of  any  selected  regulation  plan.  For  any  given  alternative,  the 
models  were  used  to  determine  the  resulting  water  surface  elevations  and 
average  channel  velocities  at  strategic  locations  along  the  river  and  canal. 
In  addition,  channel  capacities,  channel  excavation,  length  of  control 
structures,  and  length  and  locations  of  associated  bank  and  shore  protection 
works  were  determined,  based  on  output  data  from  these  models. 

Cross  sections  of  the  river  channel  extending  from  the  Slaters  Point 
gauge,  located  at  the  head  of  the  Chippawa-Grass  Island  Pool,  to  Lake  Erie 
were  incorporated  into  the  Niagara  River  model.  Backwater  computations  were 
then  initiated  at  the  Chippawa-Grass  Island  Pool,  using  the  water  level 
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OPERATING  PLAN  I  FOR  DIVERSION  VIA  BLACK  ROCK  CANAL 

- jrmunm  si.  S2.  and  S3 - 


ASSUMPTIONS: 

1.  Diversion  flows  in  the  Black  Rock  Canal  will  be  limited  to  the  following 
periods: 

Mid-April  to  May  -  12  hours  per  day 
June  to  August  -  8  hours  per  day 
September  to  mid-December  -  12  hours  per  day 
Mid-December  to  mid-April  -  24  hours  per  day 

2.  Commercial  navigation  in  the  Black  Rock  Canal  will  be  permitted  during 
the  remaining  periods. 

3.  Recreational  navigation  will  be  allowed  unlimited  use  of  the  canal  during 
the  commercial  navigation  periods. 

AVERAGE  ANNUAL  EFFICIENCY  FACTOR*: 

Average  annual  factor  -  62.5  percent 

SEASONAL  VARIATION  IN  EFFICIENCY  FACTOR*: 


Mid-April  to  May  -  50  percent 
June  to  August  -  33-1/3  percent 
September  to  mid-December  -  50  percent 
Mid-December  to  mid-April  -  100  percent 


*  Percentage  of  possible  channel  capacity  available  due  to  operating 
constraints. 


Figure  B-9 
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OPERATING  PLAN  II  FOR  DIVERSION  VIA  BLACK  ROCK  CANAL 

- jnmmwn - 


ASSUMPTIONS; 

1.  Diversion  flovfS  in  the  Black  Rock  Canal  will  be  limited  to  the  following 
periods: 

Mid-April  to  May  -  12  hours  per  day 
June  to  August  -  8  hours  per  day 
September  to  mid-December  -  12  hours  per  day 
Mid-December  to  mid-March  -  24  hours  per  day 

2.  Diversion  flows  and  navigation  will  not  be  permitted  between  mid-March 
and  mid-April  when  the  lock  must  be  closed  for  annual  maintenance. 

3.  Commercial  navigation  in  the  Black  Rock  Canal  will  be  permitted  during 
the  remaining  periods. 

4.  Recreational  navigation  will  be  allowed  unlimited  use  of  the  canal  during 
the  commercial  navigation  periods. 

AVERAGE  ANNUAL  EFFICIENCY  FACTOR* : 

Average  annual  factor  -  54.2  percent 

SEASONAL  VARIATION  IN  EFFICIENCY  FACTOR*; 

Mid-March  to  mid-April  -  0 
Mid-April  to  May  -  50  percent 
June  to  August  -  33-1/3  percent 
September  to  mid-December  -  50  percent 
Mid-December  to  mid-March  -  100  percent 

*  Percentage  of  possible  channel  capacity  available  due  to  operating 
constraints. 


Figure  B-10 
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determined  from  the  Slaters  Point  stage-discharge  rating  curve,  and  continued 
upstream  to  the  Buffalo  gauge  at  Lake  Erie.  For  the  series  "N"  alternatives, 
it  was  necessary  to  determine  the  amount  of  dredging  in  the  Niagara  River 
needed  to  accommodate  selected  increases  in  outflow.  The  cross  sectional 
areas  corresponding  to  these  enlargements  were  used  in  the  backwater 
computations. 

Cross  sections  of  the  Black  Rock  Canal  and/or  the  Squaw  Island  diversion 
channel  were  incorporated  into  the  Black  Rock  Canal  mathematical  model. 
Backwater  computations  for  the  series  "L"  alternatives  were  initiated  at  the 
confluence  of  the  river  and  the  downstream  Black  Rock  Lock  approach  channel 
and  continued  upstream  to  the  Buffalo  gauge  at  Lake  Erie.  Likewise,  back¬ 
water  computations  for  the  series  “S"  alternatives  were  initiated  at  the 
confluence  of  the  river  and  the  Squaw  Island  diversion  channel  site  and  con¬ 
tinued  upstream  through  the  Black  Rock  Canal  to  the  Buffalo  gauge  at  Lake 
Erie. 


Because  plans  of  regulation  were  selected  subsequent  to  study 
commencement,  a  range  of  hydraulic  conditions  which  would  likely  encompass 
those  of  the  selected  plans  were  simulated  and  used  for  design  purposes. 
Because  the  sizes  and  locations  of  control  structures  and  the  extent  of  chan¬ 
nel  enlargements  are  interrelated,  optimization  studies  were  carried  out  to 
determine  the  minimum  cost  of  all  regulatory  works.  The  design  and  cost 
estimates  for  all  regulatory  works  alternatives,  under  study,  are  presented 
in  succeeding  paragraphs. 

2.5  Design  and  Cost  Estimates 

Common  design  criteria  were  used  throughout  the  design  process  in  order 
that  a  valid  comparison  of  costs  could  be  made  between  the  various  alter¬ 
natives  under  study.  All  depths  and  heights  given  in  this  appendix  are 
referred  to  Low  Water  Datum;  all  elevations  are  referred  to  the  International 
Great  Lakes  Datum  (IGLD).  Low  Water  Datum  of  Lake  Erie  is  568.6  feet  above 
mean  water  level  at  Father  Point,  Quebec,  IGLD  (1955)  datum.  The  following 
paragraphs,  unless  otherwise  noted,  are  generalized  for  all  alternatives  in 
light  of  the  common  design  criteria  utilized. 

2.5.1  Topographic  and  Geotechnical  Characteristics 

The  series  "N"  alternatives  would  be  situated  on  the  natural  rock 
ledge  which  provides  virtually  full  hydraulic  control  of  the  Niagara  River 
discharge.  The  control  structure  for  alternative  N3  would  be  located 
approximately  300  feet  downstream  of  the  Peace  Bridge  at  a  section  where  the 
river's  width  is  approximately  1,650  feet.  Channel  excavation  would  extend 
from  1,000  feet  upstream  from  the  Peace  Bridge  to  a  distance  up  to  2,400  feet 
downstream  from  the  bridge.  The  area  is  bounded  on  the  west  by  the  Canadian 
shoreline  and  on  the  east  by  the  United  States  shoreline  (Bird  Island  Pier). 
Very  little  overburden  is  evident  in  this  shallow  reach  of  the  river.  Rock 
outcroppings  are  in  evidence  along  the  Bird  Island  Pier  under  low  water 
conditions.  The  required  control  structure  would  be  founded  on  bedrock. 
Channel  excavation  along  the  U.  S.  shoreline  would  require  removal  of  pri¬ 
marily  sound,  durable  bedrock. 
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The  series  "S"  alternatives  would  be  situated  on  either  end  of  Squaw 
Island.  Alternatives  SI  and  S2  would  be  located  within  the  downstream  third 
of  the  Island  In  an  area  that  has  been  used  as  a  disposal  site  for  many 
years.  Large  volumes  of  ash  from  a  municipal  Incinerator  and  other  debris 
have  been  deposited  In  this  area  and  contained  by  a  rubblemound  dike 
constructed  along  the  Niagara  River  side  of  the  Island.  Both  alternatives 
would  require  the  construction  of  a  diversion  channel  across  Squaw  Island. 
After  stripping  unsuitable  material,  select  channel  excavation  material  would 
be  used  to  construct  low  earth  dikes  along  the  channel  banks  as  required. 
Channel  excavation  up  to  23  feet  below  LWD  Is  assumed  to  be  well  within 
existing  overburden.  Alternative  S3  would  be  located  within  the  Bird  Island 
Pier  at  the  extreme  upstream  end  of  Squaw  Island.  A  section  of  the  existing 
pier  would  be  removed  to  accommodate  construction  of  the  proposed  control 
structure.  No  channel  excavation  Is  anticipated  for  alternative  S3.  The 
control  structures  for  all  series  "S"  alternatives  would  be  founded  on 
bedrock. 

The  series  "L"  alternatives  would  be  located  at  the  upstream  end  of  the 
Black  Rock  Lock,  adjacent  to  the  existing  guard  gate.  Sections  of  the 
existing  guldewalls,  on  either  side  of  the  canal,  would  be  removed  to  accom¬ 
modate  construction  of  the  sector  gates.  The  sector  gate  sill  would  be 
founded  on  bedrock  at  the  same  elevation  as  the  adjacent  lock  structure.  The 
required  gate  chambers  would  extend  Into  the  backfill  on  both  sides. 

The  assumed  top  of  rock  in  the  vicinity  of  each  alternative  structure  Is 
based  upon  limited  geotechnical  Information  available  from  existing  and/or 
previously  studied  projects  in  the  Immediate  area.  The  bedrock  underlying 
the  overall  study  area  is  considered  competent  throughout  as  a  medium  on 
which  structures  can  be  built.  The  bedrock  Is  generally  characterized  by  one 
or  more  layers  of  dolomite,  limestone,  shale,  gypsum  anhydrite,  and  com¬ 
binations  thereof. 

2.5.2  Hydraulic  Design 

Pursuant  to  the  basic  assumptions  outlined  In  Section  2.4.1,  uniform 
hydraulic  conditions  for  Lake  Erie  were  adopted  In  order  to  permit  the 
hydrologic  comparison  of  various  regulation  plans  on  a  consistent  basis. 

To  present  a  range  of  hydraulic  conditions  that  might  result  from  limited 
regulation,  for  each  alternative  under  consideration.  Lake  Erie  outflows  of 
200,000  cfs,  248,000  cfs,  and  265,000  cfs  were  supplemented  with  design  flow 
Increases  of  approximately  8,000  cfs,  20,000  cfs,  and  30,000  cfs.  For  alter¬ 
natives  Involving  the  Black  Rock  Canal,  net  Increases  In  Lake  Erie  outflow 
would  be  somewhat  less  than  design  flow  Increases,  due  to  the  backwater 
effect  In  the  main  river  channel.  In  addition,  the  maximum  design  capacity 
of  series  "L"  and  "S"  alternatives  would  be  limited  by  the  existing  dimen¬ 
sions  of  the  Black  Rock  Lock  chamber  and/or  the  dimensions  of  the  canal.  The 
discharge  capacity  of  each  alternative  was  determined  by  backwater  com¬ 
putations  performed  In  accordance  with  the  methodology  discussed  In 
Section  2.4.5.  The  effective  discharge  capacity  of  each  study  alternative  Is 
shown  on  Table  6-1.  The  capacity  shown  for  alternative  N3  (six  gates)  was 
determined  by  rounding  a  straight  line  proportion  between  similar  five  and 
seven  gate  alternatives. 
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Table  B-1  -  Niagara  River  Area  Regulatory  Works 
Discharge  Capacities 


Increased  Discharge  (cfs)  at  Lake 
Erie  Design  Discharge 


Alternative 

2OO.OO0  cfs 

SI -30 

4,250 

(6,800) 

5,310 

(8,500) 

4,940 

(7,900) 

SI -75 

9,560 

(15,300) 

11,810 

(18,900) 

11,940 

(19,100) 

Sl-110 

12,000 

(19,200) 

14,750 

(23,000) 

15,440 

(24,700) 

S2-30 

4,250 

(6,800) 

5,250 

(8,400) 

5,000 

(8,000) 

S2-75 

9,620 

(15,400) 

11,560 

(18,500) 

11,940 

(19,100) 

S2-110 

12,000 

(19,200) 

14,620 

(23,400) 

15,310 

(24,500) 

S3-90  (1  gate) 

3,870 

(6,200) 

5,000 

(8,000) 

5,000 

(8,000) 

S3-90  (2  gates) 

7,120 

(11,400) 

8,250 

(13,200) 

8,870 

(14,200) 

S3-90  (3  gates) 

9,560 

(15,300) 

11,620 

(18,600) 

12,060 

(19,300) 

Ll-30'  Open 

3,680 

(6,800) 

4,390 

(8,100) 

4,340 

(8,000) 

LI -70’  Open 

8,670 

(16,000) 

10,460 

(19,300) 

10,840 

(20,000) 

N3-75  (3  gates) 

8,600 

(8,600) 

11,000 

(11,000) 

10,500 

(10,500) 

N3-75  (5  gates) 

20,700 

(20,700) 

25,000 

(25,000) 

26,300 

(26,300) 

N3-75  (6  gates) 

25,000 

(25,000) 

30,000 

(30,000) 

31,500 

(31,500) 

N3-75  (7  gates) 

28,600 

(28,600) 

34,500 

'■»4,500) 

36,500 

(36,500) 

4^,250  -  Numbers  without  brackets  indicate  net  increased  discharges  after 
applying  average  annual  efficiency  factors  based  on  Black  Rock 
Canal  proposed  operating  procedures. 


(6,800)  Numbers  with  brackets  indicate  maximum  net  Increased  discharges  that 
would  be  possible  without  Black  Rock  Canal  operating  constraints. 


2.5.3  Control  Gates 

The  following  general  considerations  were  taken  into  account  in 
selecting  the  type  of  control  gate  for  each  study  alternative: 

1.  The  gate  must  be  capable  of  passing  large  amounts  of  ice  and/or 
debris ; 

2.  The  normal  operating  head  should  range  up  to  5  feet; 

3.  At  times,  under  storm  surge  conditions,  a  15-foot  increase  in 
operating  head  could  be  accommodated; 

4.  Swift  and  efficient  gate  operation  must  be  possible  to  satisfy 
emergency  situations;  and 

5.  The  gate  selected  for  the  series  "L"  alternative  must  be  capable  of 
passing  commercial  vessels  with  drafts  up  to  21  feet. 

Based  upon  these  criteria,  submersible  ta inter  gates  were  selected  for  the 
series  "N"  and  "S"  alternatives  and  sector  gates  were  chosen  for  the  series 
"L"  alternatives. 

Due  to  the  lower  head  conditions  that  would  exist  at  the  series  "N" 
control  works,  multiple  tainter  gates  would  be  required  to  accommodate  the 
range  of  hydraulic  conditions,  under  study.  Each  series  “N"  gate  would  be 
75  feet  wide  and  40  feet  high.  For  the  same  reason,  alternative  S3  would 
require  up  to  three  tainter  gates,  90  feet  wide  by  23  feet  high.  A  single 
tainter  gate,  34  feet  high  and  varying  in  width  between  30  feet  and  110  feet, 
would  satisfy  alternatives  SI  and  S2  conditions. 

Although  submersible  tainter  gates  have  proven  effective  in  passing  ice 
and  debris,  the  use  of  other  types  of  gates,  such  as  radial  submersible  sec¬ 
tor  gates,  was  not  ruled  out.  Submersible  tainter  gates  were  selected  to 
determine  representative  gate  costs  for  preliminary  design  purposes.  The 
operational  and  economic  feasibility  of  other  types  of  gates  would  require 
investigation  during  detailed  advanced  engineering  design  and  hydraulic  model 
testing.  This  would  be  particularly  important  in  view  of  the  severe  ice  run 
conditions  from  Lake  Erie. 

Sector  gates  were  selected  for  the  series  "L"  alternatives  to  permit 
continued  usage  of  the  Black  Rock  Lock  as  a  navigation  facility.  This  type 
of  gate  has  been  used  in  navigation  locks  throughout  the  United  States  and 
Canada.  The  70-foot  wide  by  33-foot  high  sector  gates  would  satisfy  opera¬ 
tional  and  hydraulic  requirements  of  limited  regulation  of  Lake  Erie. 

2.5.4  Structural  Design 

Preliminary  designs  were  prepared  for  control  structures  necessary  to 
accomnodate  the  two  different  types  of  gates  selected  in  Section  2.5,3. 

The  designs  were  based  on  structures  proposed  in  previous  regulation  studies 
and/or  a  literature  survey  of  existing  practice.  Although  stability  analyses 
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of  the  structures  were  not  carried  out,  conservative  dimensions  were  selected 
for  each  structural  component.  All  control  structures  would  be  founded  on 
bedrock.  The  following  paragraphs  describe  the  improvements  that  would  be 
required. 

The  control  structure  for  the  series  "N"  alternatives  would  be  a. series 
of  15-foot  wide  reinforced  concrete  pier  buttresses  supporting  the  tainter 
gates  and  extending  to  the  bottom  of  the  gate  sill.  The  number  of  75-foot 
wide  gate  bays  and  overall  structure  width  are  dependent  upon  the  require¬ 
ments  of  the  regulation  plan  under  study.  A  minimum  20-foot  deep  sill  block 
of  concrete  would  be  provided  for  the  base  of  the  structure  to  assure  an  ade¬ 
quate  safety  factor  against  overturning.  In  addition  to  the  control 
structure,  other  appurtenant  series  "N"  construction  would  include: 

1.  Raising  and  widening  the  existing  Bird  Island  Pier  between  Squaw 
Island  and  the  control  structure  to  provide  a  roadway  for  truck  access  during 
construction  and  for  future  operation  and  maintenance; 

2.  A  rock-filled  work  area  in  the  river  to  connect  the  control  struc¬ 
ture  with  the  improved  Bird  Island  Pier; 

3.  A  25-foot  by  25-foot  masonry  operations  building  located  adjacent  to 
the  control  structure;  and 

4.  Temporary  cellular  steel  sheet  pile  cofferdams  in  the  river  to  faci¬ 
litate  subsequent  construction  of  the  control  structure  in-the-dry. 

The  control  structures  for  the  three  series  "S"  alternatives  would  be 
similar  to  the  series  “N"  structure.  Due  to  less  severe  design  criteria  and 
smaller  gate  sizes,  the  width  of  each  pier  buttress  and  the  minimum  thickness 
of  the  sill  blocks  were  reduced  to  10  feet  and  8  feet,  respectively.  The 
number  of  gate  bays,  gate  width,  and  overall  structure  width  are  dependent 
on  both  the  alternative  and  the  regulation  plan  under  study.  Alternatives 
SI  and  S2  would  require  either  a  30- foot,  75-foot,  or  110-foot  tainter  gate, 
whereas  alternative  S3  would  utilize  from  one  to  three  90-foot  gates  to 
satisfy  similar  regulation  plans.  A  footbridge  would  be  constructed  over  the 
alternative  S2  gate  bay  to  permit  maintenance  access  from  the  Black  Rock  Lock 
side.  A  similar  enclosed  footbridge  would  be  provided  over  the  alternative 
S3  gate  bays  to  allow  public  access  to  the  Bird  Island  Pier  for  recreational 
fishing.  In  addition  to  the  control  structure,  other  appurtenant  series  "S" 
construction  v'Duld  include: 

1.  A  rock-filled  work  area  in  the  river  to  connect  the  alternative  S3 
control  structure  with  Squaw  Island; 

2.  A  25-foot  by  25-foot  masonry  operations  building  located  adjacent  to 
the  alternative  S3  control  structure; 

3.  Temporary  cellular  steel  sheet  pile  cofferdams  to  facilitate  sub¬ 
sequent  construction  of  the  control  structures  in-the-dry; 

4.  A  highway  bridge  across  the  alternative  SI  diversion  channel  to 
permit  public  access  to  the  northern  portion  of  Squaw  Island; 
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5.  An  open  cellular  steel  sheet  pile  guardwall  with  connecting 
footbridges  across  the  entrance  to  the  proposed  alternative  S2  diversion 
channel ; 

6.  A  temporary  Ice  boom  across  the  Black  Rock  Canal  at  the  upstream 
end  of  Bird  Island  Pier  to  restrict  the  passage  of  large  Ice  floes  Into  the 
canal  during  any  series  "S"  diversion  flow; 

7.  Fixed  log  booms  across  the  upstream  end  of  the  alternatives  SI  and 
S2  diversion  channels  to  control  floating  debris  and  small>boat  access  to  the 
control  structure;  and, 

8.  Installation  of  movable  log  booms  across  the  Black  Rock  Canal 
upstream  and  downstream  of  the  alternative  S3  structure  for  the  same  purpose. 
The  movable  log  booms  would  close  the  canal  only  during  periods  of  diversion 
flow  when  the  canal  would  be  unsafe  for  navigation. 

The  control  structure  for  the  series  "L"  alternatives  would  be  a  pair  of 
reinforced  concrete  gate  chambers  supporting  the  sector  gates  and  extending 
to  the  top  of  the  gate  sill.  The  gate  chambers  would  replace  sections  of 
the  existing  guldewalls.  A  24-foot  thick  sill  block  of  concrete  would  be 
provided  for  the  base  of  the  structure  to  assure  an  adequate  safety  factor 
against  flotation.  A  stoplog  system  would  enable  dewatering  of  the  gate  bay 
and  chambers  for  repairs  and  maintenance.  Other  appurtenant  series  "L" 
construction  would  Include: 

1.  Temporary  cellular  steel  sheet  pile  cofferdams  around  the  landward 
sides  of  the  proposed  gate  chambers  to  permit  construction  In-the-dry; 

2.  A  reusable  floating  closure  structure  across  the  Black  Rock  Canal  to 
permit  quick  dewaterings  for  two  "time  restricted"  construction  seasons;  and, 

3.  Installation  of  a  temporary  Ice  boom  and  movable  log  boom  across  the 
Black  Rock  Canal  similar  to  those  proposed  for  alternative  S3  above. 

2.5.5  Channel  Enlargement 

As  Indicated  In  Section  2.4.5,  the  determination  of  the  nature  and 
extent  of  channel  enlargement  and/or  modifications  was  carried  out  using 
mathematical  models  of  the  Niagara  River  and  Black  Rock  Canal.  Basically, 
there  are  three  alternatives  that  require  either  channel  enlargement  or 
modifications,  namely  alternatives  N3,  SI,  and  S2.  The  following  paragraphs 
summarize  the  necessary  alterations. 

Channel  enlargement  for  alternative  N3  would  be  required  in  the  Niagara 
River  above  and  below  the  Peace  Bridge  where  a  natural  rock  ledge  controls 
the  existing  river  discharge.  The  length  and  width  of  the  areas  requiring 
excavation  are  dependent  on  the  regulation  plan  under  study.  Rock 
excavation,  up  to  17  feet  In  depth,  would  start  approximately  1,000  feet 
upstream  of  the  Peace  Bridge  for  all  plans  and  extend  downstream  from  the 
bridge  between  2,300  feet  and  2,370  feet.  The  bottom  width  of  the  excavation 
would  vary  from  325  feet  to  875  feet.  Drilling  and  blasting  would  be 


required  to  accomplish  the  excavation  of  approximately  400,000  cubic  yards  to 
1,300,000  cubic  yards  of  rock.  This  material  is  assumed  to  be  environmen¬ 
tally  clean  and  would  be  disposed  of  in  a  suitable  open-lake  disposal  site. 

Alternative  SI  would  require  construction  of  a  diversion  channel 
skewed  across  Squaw  Island  immediately  north  ov  the  existing  International 
Railroad  bridge.  The  alternative  channel  would  bypass  the  Black  Rock  Lock 
and  permit  Lake  Erie  discharge  via  the  Black  Rock  Canal.  The  length  and 
width  of  the  new  channel  would  be  dependent  on  the  regulation  plan  under 
study.  Earth  excavation  up  to  29  feet  in  depth  would  start  at  the  canal, 
approximately  350  feet  downstream  of  the  International  Bridge,  and  extend 
across  the  island  between  1,200  feet  and  1,500  feet  in  length.  The  bottom 
width  of  the  excavation  would  vary  from  30  feet  to  180  feet.  Earth  levees, 
upstream  and  downstream  of  the  control  structure,  would  provide  protection 
against  overtopping  during  extreme  high  levels.  The  quantity  of  earth  exca¬ 
vation  would  range  from  approximately  100,000  cubic  yards  to  300,000  cubic 
yards.  Part  of  the  material  would  be  used  for  levee  construction  and  the 
remainder  would  be  disposed  of  in  the  adjacent  City  of  Buffalo  disposal  area. 
Removal  of  up  to  800  feet  of  an  existing  steel  sheet  pile  wall  along  the 
Black  Rock  Canal  and  up  to  450  feet  of  an  existing  stone  dike  along  the 
Niagara  River  would  be  required  to  complete  the  diversion  channel. 

Alternative  S2  would  require  construction  of  a  diversion  channel  across 
Squaw  Island  parallel  with  and  immediately  adjacent  to  the  existing  Black 
Rock  Lock.  This  channel  would  function  similarly  to  the  alternative  SI 
channel.  The  length  and  width  of  this  channel  would  be  dependent  on  the 
regulation  plan  under  study.  Earth  excavation,  up  to  25  feet  in  depth,  would 
begin  at  the  Black  Rock  Canal,  approximately  900  feet  downstream  of  the 
International  Railroad  bridge,  and  extend  1,600  feet  along  the  east  side  of 
the  island.  The  bottom  width  of  the  excavation  would  vary  from  50  feet  to 
250  feet.  Earth  and  rock  levees,  upstream  and  downstream  of  the  control 
structure,  would  provide  adequate  freeboard  along  the  east  side  of  the 
island.  The  quantity  of  channel  excavation  would  range  from  approximately 
100,000  cubic  yards  to  350,000  cubic  yards.  Part  of  the  material  would  be 
used  for  earth  levee  construction,  and  the  remainder  would  be  disposed  of  in 
the  adjacent  City  of  Buffalo  disposal  area.  Removal  of  up  to  80  feet  of  an 
existing  steel  sheet  pile  wall  and  320  feet  of  an  existing  concrete-capped 
timber  crib  guide  wall,  both  along  the  Black  Rock  Canal,  and  up  to  380  feet 
of  an  existing  stone  dike  along  the  Niagara  River  would  be  required  to 
complete  the  diversion  channel. 

2.5.6  Bank  Protection 

Bank  protection  along  critical  velocity  reaches  of  the  existing  Black 
Rock  Canal  and  the  Squaw  Island  diversion  channel  would  be  required  with  any 
series  "S"  or  “L"  alternative  that  provides  a  mid-  to  high-range  increase  in 
Lake  Erie  outflow.  The  determination  of  the  extent  of  bank  protection  was 
based  on  an  onsite  evaluation  of  the  canal  banks  and  velocity  profiles  of 
both  the  canal  and  diversion  channel  as  generated  by  the  mathematical  model 
of  the  Black  Rock  Canal  discussed  in  Section  2.4.5. 
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Based  on  the  type  and/or  condition  of  existing  structures  and  natural 
sideslopes,  Alternatives  SI  and  S2  would  require  bank  protection  along  the 
existing  canal  from  2,500  feet  upstream  of  the  Peace  Bridge  to  the  Black  Rock 
Lock  and  along  the  proposed  diversion  channels.  The  locations  and  amount  of 
required  bank  protection  are  dependent  on  the  regulation  plan  under  study. 
Between  500  feet  and  4,850  feet  of  18-inch  riprap  protection  would  be  pro¬ 
vided  along  the  earthen  canal  banks  with  either  alternative.  Up  to  1,920 
feet  and  1,050  feet  of  additional  24-Inch  riprap  protection  would  be  provided 
along  the  diversion  channel  sideslopes  for  Alternatives  SI  and  S2, 
respectively.  Between  1,050  feet  and  6,850  feet  of  steel  sheet  pile 
bulkheads  would  be  constructed  around  bridge  abutments  and  along  the  right 
(east)  bank  of  the  canal  adjacent  to  the  thruway  under  Alternative  SI. 
Likewise,  between  400  feet  and  6,850  feet  of  steel  bulkheads  would  be 
constructed  for  Alternative  S2.  Under  Alternative  S2,  up  to  1,250  feet  of 
36-Inch  riprap  toe  protection  would  be  placed  on  the  canal  bottom  along  the 
steel  sheet  pile  and  timber  pile  bulkheads  downstream  of  the  International 
Railroad  bridge. 

Alternative  S3  would  require  bank  protection  along  the  existing  canal 
from  2,500  feet  upstream  of  the  Peace  Bridge  to  Squaw  Island.  The  locations 
and  quantity  of  protection  are  once  again  dependent  on  the  regulation  plan 
under  study.  Up  to  1,000  feet  of  18-Inch  riprap  protection  would  be  provided 
along  the  earthen  right  bank  of  the  canal  upstream  of  the  Peace  Bridge. 
Between  300  feet  and  800  feet  of  heavy  armor  stone  would  be  placed  on  the 
left  (west)  bank  of  the  canal,  around  the  control  structure,  and  along  the 
Bird  Island  Pier  downstream  of  the  Peace  Bridge.  Between  400  feet  and  3,000 
feet  of  steel  sheet  pile  bulkheads  would  be  constructed  along  the  right  bank 
of  the  canal  upstream  and  downstream  of  the  Peace  Bridge. 

Alternative  LI  would  require  bank  protection  along  the  existing  canal 
from  2,500  feet  upstream  of  the  Peace  Bridge  to  the  Black  Rock  Lock.  The 
locations  and  extent  of  protection  vary  with  the  regulation  plan  under  study. 
Between  500  feet  and  2,650  feet  of  18-inch  riprap  protection  would  be  pro¬ 
vided  along  the  earthen  canal  banks  upstream  and  downstream  of  the  Peace 
Bridge.  Up  to  1,100  feet  of  36-Inch  riprap  toe  protection  would  be  placed  on 
the  canal  bottom  along  the  bulkheads  and  lock  gul dewalls  downstream  of  the 
International  Railroad  bridge.  Up  to  1,050  feet  of  steel  sheet  pile 
bulkheads  would  be  constructed  around  the  abutments  of  the  International 
bridge  and  along  the  Ferry  Street  bridge  right  abutment. 

2.5.7  Shore  Protection  Works 

The  extra  discharge  capacity  provided  by  the  series  "L,"  "S,"  and  "N" 
alternatives  would  not  be  used  If  water  supply  conditions  to  Lake  Erie  were 
at  or  below  normal.  However,  In  the  case  of  the  series  "N"  alternative,  clo¬ 
sure  of  the  gates  would  produce  river  levels  higher  than  preproject  from  the 
control  structure  to  a  point  somewhat  downstream  from  the  lake's  outlet. 
Therefore,  during  storm  surge  conditions  at  the  eastern  end  of  Lake  Erie  the 
accompanying  temporary  water  level  rises  would  be  a  matter  of  concern.  A 
lake  outflow  of  295,000  cfs  with  gates  closed  would  raise  the  water  level 
about  3  feet  Immediately  upstream  from  the  control  structure.  To  mitigate 
the  adverse  Impact  of  this  rise  on  the  Canadian  shoreline,  the  existing  stone 
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masonry  wall  which  extends  from  about  7,700  feet  upstream  to  afcout  800  feet 
downstream  from  the  Peace  Bridge  would  have  to  be  raised  from  1  to  3  feet  and 
backfilled  with  an  earth  berm.  No  additional  protection  would  be  needed  on 
the  United  States  shoreline. 

In  the  event  of  storm  surges  which  produce  Niagara  River  flows  substan¬ 
tially  in  excess  of  295,000  cfs,  flooding  has  occurred  and  will  continue  to 
occur  in  specific  areas  upstream  from  Niagara  Falls  in  both  countries.  In 
such  instances,  regardless  of  supply  conditions  to  Lake  Erie,  the  control 
structure  gates  would  be  closed  only  enough  to  compensate  for  the  ad  ditional 
outflow  made  possible  by  the  project  dredging. 

2.5.8  Cost  Estimates 

Cost  estimates  for  the  study  alternatives  were  based  on 
unit  costs  used  on  similar  U.S.  Army  Corps  of  Engineers  projects  and 
expressed  in  July  1979  price  levels.  Corresponding  costs  for  each  project 
feature  were  developed  for  the  discharge  capacities  required  to  fulfill  the 
various  regulation  plans  under  study.  Major  features  include  the  following: 

1.  Control  structures  either  in  the  Niagara  River,  on  Squaw  Island,  or 
on  Bird  Island  pier; 

2.  Black  Rock  Lock  modifications; 

3.  Niagara  River  deepening; 

4.  Squaw  Island  diversion  channels; 

5.  Black  Rock  Canal  bank  protection;  and, 

6.  Shore  protection  along  the  Canadian  shoreline  of  the  upper  Niagara 
River. 

These  costs  were  added  together  and  escalated  by  a  25  percent  con¬ 
tingency  allowance  to  obtain  the  total  direct  costs.  Indirect  costs,  which 
include  allowances  for  detailed  investigations,  foundation  explorations, 
engineering  designs,  and  construction  supervision  and  administration,  were 
estimated  at  15  percent  of  the  total  direct  costs  and  added  to  obtain  the 
total  estimated  construction  costs.  An  engineering  appraisal  of  real  estate 
costs,  including  lands  and  damages,  was  prepared  and  added  to  the  total 
construction  costs,  where  applicable,  to  obtain  the  total  estimated  first 
costs  shown  on  Table  B-2.  Land  costs  were  based  on  the  assessed  value  of  the 
required  lands  as  recorded  by  the  City  of  Buffalo  and  adjusted  by  the  current 
New  York  State  equalization  factor  of  42.69  percent  to  obtain  the  fair  market 
value.  Alternatives  SI  and  S2  would  require  acquisition  of  up  to  14  acres  of 
an  existing  City  of  Buffalo  disposal  area  located  at  the  northern  end  of 
Squaw  Island.  Damages  due  to  the  project  were  assessed  to  compensate  the 
City  of  Buffalo  for  the  additional  costs  that  would  be  Incurred  to  dispose  of 
a  volume  of  material  equal  to  the  disposal  area  volune  lost  during  the 
remaining  10-year  life  of  the  affected  area. 
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Alternative 

Increased 

Cost  Estimates^/  in  Nllllons  of  Dollars 

Discharge  Capac1t1esi/1/ 
111 

Cubic  Feet  Per  $econd 

First  Costs 

Averaoe  Annual  Costs 

Present  uortli 

51-3U 

4,250 

(6,800) 

$  11.62 

$  1.22 

$  14.05 

Sl-75 

9,560 

(16,300) 

18.57 

1.90 

21.93 

$1*110 

12,000 

(19,200) 

28.38 

2.86 

33.02 

S2-30 

4,250 

(6,b00) 

11.16 

1.17 

13.47 

$2-75 

9,620 

(15.400) 

19.63 

1.95 

22.52 

$2-110 

12,000 

(19,200) 

32.02 

3.17 

36.67 

$3-90  (1  gate) 

3,b70 

(6.200) 

10.24 

1.16 

13.36 

$3-90  (2  gates) 

7,120 

(11.400) 

17.17 

1.87 

21.58 

$3-90  (3  gates) 

9,560 

(15,300) 

26.08 

2.78 

32.14 

Ll-30'  Open 

3.6bO 

(6,800) 

10.31 

1.19 

13.80 

Ll-70'  Open 

b,670 

(16,000) 

13.12 

1.49 

17.24 

N3-75  (3  gates) 

b,600 

(b,600) 

56.51 

5.97 

69.01 

113-75  (5  gates) 

20,700 

(20,700) 

93.83 

9.81 

113.38 

N3-75  (6  gates) 

25,000 

(25,000) 

111.39 

11.61 

134.25 

N3-75  (7  gates) 

28,600 

(2b, 600) 

129.55 

13.49 

155.90 

Notes: 

\J  Discharge  capacities  are  shown  for  a  Lake  Erie  design  discharge  of  ZOU.UOO  cubic  feet  per  second, 
corresponding  capacities  for  design  discharges  of  24S,000  and  265,000  cubic  feet  per  second 
are  shown  on  Table  B>1. 

2/  4,250  •  Numbers  without  brackets  Indicate  net  Increased  discharges  after  applying  average  annual 

~  efficiency  factors  based  on  black  Rock  Canal  proposed  operating  procedures. 

(b,bOU)  •  Numbers  with  brackets  Indicate  maKlMum  net  increased  discharges  that  would  be  possible  without 
black  Kock  Canal  operating  constraints. 

3/  Cost  estimates  are  based  on  July  197b  price  levels,  a  bU>year  economic  project  life  and  an  8>l/2  percent 
Interest  rate.  They  Include  construction  costs,  land  costs,  and  damages. 


Fimt  Coot  Optimisation:  Reviewing  the  discharge  capacities  and  cost 
estimates  shown  on  Tables  B-1  and  B-2,  respectively,  indicates  the  following 
conclusions.  Alternative  N3  is  the  only  alternative  offering  a  net  increase 
in  Lake  Erie  outflow  in  excess  of  16,000  cfs  at  a  cost  ranging  between  $93 
and  $130  million.  Alternatives  SI  and  S2  are  very  close  in  discharge  capaci¬ 
ties  and  total  costs,  ranging  between  $11  and  $32  million.  Alternative  S3, 
ranging  between  $10  and  $26,  appears  favorable  for  net  increases  below  5,000 
cfs.  Alternative  LI  appears  favorable  for  net  increases  up  to  9,000  cfs 
maximum  with  total  costs  ranging  between  $10  and  $13  million.  A  composite 
discharge  capacity  curve.  Figure  B-11,  shows  an  array  of  optimum  alternatives 
and  their  possible  net  increases  in  Lake  Erie  outflow  for  the  range  of  Lake 
Erie  design  discharges  under  consideration.  A  composite  cost  curve.  Figure 
B-12,  shows  the  optimum  first  costs  for  three  Lake  Erie  design  discharges  and 
a  range  of  net  increases  in  Lake  Erie  outflow. 

Annual  Coots:  Annual  costs,  comprised  of  financial  costs  and  operation 
and  maintenance  costs,  are  summarized  in  Table  B-3  for  each  of  the  study 
alternatives.  The  total  average  annual  costs  are  also  tabulated  in  Table  B-2 
along  with  Increased  discharge  capacities  for  ready  comparison.  The 
following  paragraphs  discuss  these  annual  costs  in  further  detail. 

Annual  financial  costs  were  estimated  based  on  an  interest  rate  of  8-1/2 
percent,  an  economic  project  life  assumed  as  50  years,  and  a  construction 
period  assumed  as  three  years  for  Alternatives  SI,  S2,  and  S3,  and  four  years 
for  Alternatives  LI  and  N3.  Interest  during  construction  was  computed  at  a 
rate  of  8-1/2  percent  for  half  the  construction  period  and  added  to  the  pro¬ 
ject  first  costs  to  determine  the  total  investment  cost.  Damages  associated 
with  real  estate  acquisition  for  Alternatives  SI  and  S2  were  distributed  in 
10  equal  payments  over  the  assumed  10-year  life  of  the  affected  Squaw  Island 
disposal  area.  The  resultant  annual  damages  were  converted  to  net  present 
worth  and  substituted  for  the  total  damages  previously  included  in  the  first 
costs  shown  in  Table  B-2.  Financial  cost  calculations  for  Alternatives  SI 
and  S2  were  based  on  these  revised  and  reduced  first  costs.  Interest  charges 
computed  at  8-1/2  percent  were  added  to  the  amortization  costs  for  the 
assumed  50-year  economic  project  life  to  determine  the  total  annual  financial 
costs,  summarized  in  Table  B-3. 

Annual  operation  costs  were  estimated  based  on  a  four-man  operating 
staff.  Annual  maintenance  costs  were  estimated  based  on  a  percentage  of 
first  costs  excluding  real  estate  costs  (lands  and  damages)  and  rock  excava¬ 
tion  (Alternative  N3  only).  This  assumes  that  the  deepened  channel  in  the 
Niagara  River,  required  for  Alternative  N3,  will  be  self-maintaining  due  to 
anticipated  high  velocities.  Provision  of  a  0.3  percent  factor  is  considered 
adequate  for  the  conditions  and  magnitude  of  Alternative  N3.  Provision  of  a 
0.5  percent  factor  for  Alternatives  SI,  S2,  S3,  and  LI  was  based  on  indeter¬ 
minate  conditions  along  the  Black  Rock  Canal  and  the  significantly  lower 
magnitude  cost  of  these  alternatives.  The  reduced  first  costs  were 
multiplied  by  the  applicable  maintenance  percentage  factor  to  determine  the 
total  annual  maintenance  costs,  summarized  in  Table  B-3. 
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FIGURE  B-ll 


♦after  applying  average  annual  efficiency  factors  based 

ON  BLACK  ROCK  CANAL  OPERATING  PROCEDURES  (FIG.  9  S  10  ) 
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FIGURE  B-12 


AFTER  APPLYING  AVERAGE  ANNUAL  EFFICIENCY  FACTORS  BASED 
ON  BLACK  ROCK  CANAL  OPERATING  PROCEDURES  (FIG.  9  8  10  ) 


I'rcRont  Vovth:  Estimates  of  present  worth  for  each  of  the  study  alter¬ 
natives  are  tabulated  in  Table  B-2.  Present  worth  was  calculated  based  on  a 
50-year  economic  project  life  and  the  investment  costs  discussed  above  under 
annual  financial  costs.  The  net  present  worth  of  the  annual  operation  and 
maintenance  costs  was  added  to  the  investment  cost  to  determine  the  total 
present  worth  of  each  alternative. 

2.6  Regulatory  Works  Alternatives 

As  stated  in  Section  2.3,  preliminary  studies  were  undertaken  for  five 
out  of  seven  possible  structural  alternatives.  The  following  is  a  summary  of 
the  regulatory  works  and  remedial  measures  that  would  be  required  to  imple¬ 
ment  each  of  these  five  alternatives.  Discharge  capacities  of  each  alter¬ 
native  are  listed  for  the  critical  Lake  Erie  design  discharge  of  200,000 
cubic  feet  per  second. 

2.6.1  Alternative  N3 

Alternative  N3  would  require  construction  of  a  multi-gated  control 
structure  in  the  Niagara  River  and  dredging  within  the  river  in  the  vicinity 
of  the  Peace  Bridge.  In  addition,  shore  protection  along  the  Canadian  shore¬ 
line  would  be  required  at  critical  locations  upstream  of  the  control  struc¬ 
ture  to  mitigate  adverse  impacts  due  to  increased  water  surface  elevations 
which  could  occur  in  this  area  during  storm  surges  (see  Section  2.5.7).  Four 
variations  of  structure  size  and  dredging  limits  were  studied  to  develop  a 
discharge  capacity  versus  first  cost  curve  to  accommodate  a  range  of  regula¬ 
tion  plans. 

The  control  structure  would  be  located  adjacent  to  the  Bird  Island  pier 
and  approximately  300  feet  downstream  from  the  existing  Peace  Bridge.  The 
structure  would  extend  between  400  feet  and  750  feet  into  the  river  and  would 
contain  three  to  seven  remote-controlled  submersible  tainter  gates,  75  feet 
wide  by  40  feet  high.  The  entire  structure  would  be  equipped  for  year-round 
operation.  Construction  of  the  structure  would  require  extensive  cofferdams 
and  would  be  hampered  by  the  lack  of  adequate  land  access.  The  Peace  Bridge 
area  of  the  river  provides  substantial  natural  regulation  due  to  its  existing 
restricted  dimensions.  Extensive  compensatory  dredging,  adjacent  to  the  Bird 
Island  pier,  would  extend  from  1,000  feet  upstream  of  the  Peace  Bridge  to 
between  2,300  feet  and  2,370  feet  downstream  and  would  vary  in  width  from  325 
feet  to  875  feet.  Dredging  would  involve  principally  rock  excavation,  up  to 
17  feet  in  depth.  The  existing  shore  protection  along  the  Canadian  shoreline 
would  be  raised  from  1  to  3  feet  for  a  distance  of  8,000  feet  upstream  from 
the  proposed  control  structure.  Descriptive  plans  of  the  four  alternative  N3 
variations  and  a  longitudinal  section  through  the  control  structure  are  shown 
on  Figures  B-13  through  B-17,  respectively. 

Although  location  of  the  N3  control  structure  on  the  Fort  Erie  side  of 
the  river  could  satisfy  hydraulic  requirements  of  limited  regulation  of  Lake 
Erie,  the  structure  was  located  on  the  U.S.  shore  adjacent  to  the  Bird  Island 
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FIGURE  B-IG 


PLAN  N3 -75' GATES  (7) 


NIAGARA  RIVER 
ALTERNATIVE  N3 

CENTERLINE  PROFILE  OF  CONTROL  STRUCTURE 


Pier  in  a  somewhat  arbitrary  manner.  However,  the  following  rationale  had  a 
bearing  on  this  location; 

1.  A  control  structure  on  the  Fort  Erie  side  of  the  river  is  considered 
to  be  environmentally  less  desirable  due  to  the  resultant  disturbance  of  the 
fishery  along  the  Canadian  shore  and  the  Niagara  Parks  Commission  lands;  and 

2.  Physical  operatiort  and  maintenance  of  the  control  structure  on  the 
United  States  shore  v/ould  be  assisted  by  its  close  proximity  to  existing 
Corps  of  Engineers  facilities  at  the  Black  Rock  Lock  and  the  sharing  of  per¬ 
sonnel  and  equipment. 

The  increased  discharge  capacity  of  Alternative  N3  varies  from  8,600 
cubic  feet  per  second  for  a  three  gate  structure  to  28,600  cubic  feet  per 
second  for  a  seven  gate  structure.  The  first  costs  of  the  studied  control 
structure,  compensatory  dredging,  and  appurtenant  works  would  range  from 
approximately  $56.5  to  $129.6  million.  A  discharge  capacity  versus 
first  cost  curve  for  Alternative  N3  is  shown  on  Figure  B-18  for  a  Lake  Erie 
design  discharge  of  200,000  cubic  feet  per  second.  Corresponding  annual 
costs,  after  adjustments  for  finance,  operation,  and  maintenance  costs,  are 
estimated  to  range  from  $6.0  to  $13.5  million.  Figure  B-19  shows  a 
first  cost  versus  annual  cost  curve  for  Alternative  N3.  Discharge  capacities 
and  a  cost  summary,  including  first  costs,  annual  costs,  and  present  worth, 
are  shown  on  Table  B-2. 

2.6.2  Alternative  SI 

Alternative  SI  would  require  construction  of  a  control  structure  and 
diversion  channel  across  the  downstream  end  of  Squaw  Island  along  a  pre¬ 
viously  selected  alignment.  In  addition,  bank  protection  would  be  required 
at  critical  locations  along  the  Black  Rock  Canal  and  the  diversion  channel, 
as  necessary.  Three  different  sizes  of  control  structures  and  diversion 
channels  were  studied  to  develop  a  discharge  capacity  versus  first  cost  curve 
for  a  range  of  regulation  plans. 

The  control  structure  would  be  located  within  the  diversion  channel  and 
about  1,000  feet  from  the  Black  Rock  Canal.  The  structure  would  contain  a 
remote-controlled  submersible  tainter  gate,  34  feet  high  by  either  30  feet, 

75  feet,  or  110  feet  wide.  The  entire  structure  would  be  equipped  for  year- 
round  operation.  A  diversion  channel  varying  in  width  from  30  feet  to  180 
feet  would  extend  across  Squaw  Island  between  1,200  feet  and  1,500  feet.  The 
length  and  width  of  the  channel  along  with  the  control  gate  size  would  vary 
to  accommodate  different  regulation  plans.  Channel  excavation,  principally 
earth,  would  extend  up  to  29  feet  in  depth.  The  1  on  2.5  side-slopes, 
upstream  and  downstream  of  the  control  structure,  would  be  protected  with 
riprap  bank  protection  at  critical  locations  to  prevent  erosion.  Earth 
levees,  with  a  top  width  of  10  feet  and  1  on  2.5  sideslopes,  would  be 
constructed  on  either  side  of  the  diversion  channel  to  provide  adequate 
freeboard.  Bank  protection  along  the  Black  Rock  Canal  would  be  provided 
around  bridge  abutments  and  other  high  velocity  restricted  reaches  dependent 
upon  the  stability  of  the  existing  sideslopes  and/or  structures.  A  traffic 
control  system  would  be  provided  at  the  upstream  entrance  to  the  canal  to 
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FIGURE  B-18 


TOTAL  ESTIMATED  FIRST  COSTS  IN  MILLIONS  OF  DOLLARS 
(BASED  ON  JULY  1979  PRICE  LEVELS) 
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warn  vessels  that  the  canal  may  become  dangerous  during  the  operation  of  the 
control  structure.  A  highway  bridge  would  be  constructed  across  the  diver¬ 
sion  channel  to  maintain  public  access  to  the  downstream  end  of  the  island. 
Descriptive  plans  of  the  three  Alternative  SI  variations,  a  longitudinal  sec¬ 
tion  through  the  control  structure  and  cross  sections  of  the  diversion 
channel,  are  shown  on  Figures  B-20  through  B-24,  respectively. 

The  maximum  increased  discharge  capacity  of  Alternative  SI  without  Black 
Rock  Canal  operating  constraints  varies  from  6,800  cubic  feet  per  second  for 
a  30-foot  gate  structure  to  19,200  cubic  feet  per  second  for  a  110-foot  gate 
structure.  Utilization  of  the  canal  for  diversion  flows  would  require  capa¬ 
city  reductions  based  on  the  operating  plan  shown  on  Figure  B-9.  The 
corresponding  reduced  capacities  for  Alternative  SI  would  vary  from  4,250 
to  12,000  cubic  feet  per  second.  The  first  costs  of  the  control  structure, 
diversion  channel,  and  appurtenant  works  would  range  from  approximately  $11.6 
to  $28.4  million.  A  discharge  capacity  versus  first  cost  curve  for 
Alternative  SI  is  shown  on  Figure  B-25  for  3  Lake  Erie  design  discharge  of 
200,000  cubic  feet  per  second.  Corresponding  annual  costs,  after  adjustments 
for  finance,  operation,  and  maintenance  costs,  are  estimated  to  range  from 
$1.2  to  $2.9  million.  Figure  B-26  shows  a  first  cost  versus  annual  cost 
curve  for  Alternative  SI.  Discharge  capacities  and  a  cost  summary,  including 
first  costs,  annual  costs,  and  present  worth,  are  shown  on  Table  B-2. 

2.6.3  Alternative  S2 

Alternative  S2  would  require  construction  of  a  control  structure  and 
diversion  channel  across  the  downstream  end  of  Squaw  Island  along  an  align¬ 
ment  parallel  and  adjacent  to  the  existing  Black  Rock  Lock.  In  addition, 
bank  protection  would  be  required  at  critical  locations  along  the  Black  Rock 
Canal,  as  necessary.  A  discharge  capacity  versus  first  cost  curve  was  devel¬ 
oped  for  a  range  of  regulation  plans  based  on  three  variations  of  control 
structure  and  diversion  channel  size. 

The  control  structure  would  be  located  within  the  diversion  channel  and 
adjacent  to  the  downstream  lock  miter  gates.  The  structure  would  contain  a 
remote-controlled  submersible  tainter  gate,  34  feet  high  by  either  30  feet, 

75  feet,  or  110  feet  wide.  The  entire  structure  would  be  equipped  for  year- 
round  operation.  A  diversion  channel  varying  in  width  from  50  feet  to  250 
feet  would  extend  along  the  existing  lock  approximately  1,600  feet.  The 
length  and  width  of  the  channel  along  with  the  control  gate  size  would  vary 
to  accommodate  different  regulation  plans.  Channel  excavation,  principally 
earth,  would  extend  up  to  25  feet  in  depth.  The  1  on  2.5  sideslope,  upstream 
of  the  control  structure,  would  be  protected  with  riprap  bank  protection  to 
prevent  erosion.  An  earth  levee,  with  a  top  width  of  10  feet  and  1  on  2.5 
sideslopes,  would  be  constructed  along  the  east  side  of  the  island  upstream 
of  the  control  structure  to  provide  adequate  freeboard.  Downstream  of  the 
structures  a  rock  levee  would  be  constructed  with  a  top  width  of  10  feet,  a  1 
on  1.5  landward  sideslope,  and  a  1  on  2  channel  sideslope.  Bank  protection 
along  the  Black  Rock  Canal  and  a  traffic  control  system  would  be  provided 
similar  to  the  Alternative  SI  facilities.  Descriptive  plans  of  the  three 
Alternative  S2  variations,  a  longitudinal  section  through  the  control  struc¬ 
ture  and  cross  sections  of  the  diversion  channel,  are  shown  on  Figures  B-27 
through  B-31,  respectively. 
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FIGURE  B-26 


BLACK  ROCK  CANAL -SQUAW  ISLAND 
ALTERNATIVE  S2 
PLAN  S2  -  30'  GATE 


B-54 


FIGURE  B-29 


BLACK  ROCK  CANAL -SQUAW  ISLAND 
ALTERNATIVE  S2 
PLAN  S2  -  no'  GATE 
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ALTERNATIVE  S2 

CROSS  SECTIONS  OF  DIVERSION  CHANNEL 


The  maximum  Increased  discharge  capacity  of  Alternative  S2  without  Black 
Rock  Canal  operating  constraints  varies  from  6,800  cubic  feet  per  second  for 
a  30-foot  gate  structure  to  19,200  cubic  feet  per  second  for  a  110-foot  gate 
structure.  Capacity  reductions,  similar  to  Alternative  SI,  would  be  required 
and  based  on  the  operating  plan  shown  on  Figure  6-9.  The  corresponding 
reduced  capacities  for  Alternative  S2  would  vary  from  4,250  to  12,000  cubic 
feet  per  second.  The  first  costs  of  the  control  structure,  diversion 
channel,  and  appurtenant  works  would  range  from  approximately  $11.2  to  $32.0 
million.  A  discharge  capacity  versus  first  cost  curve  for  Alternative  S2  is 
shown  on  Figure  B-32  for  a  Lake  Erie  design  discharge  of  200,000  cubic  feet 
per  second.  Corresponding  annual  costs,  after  adjustments  for  finance, 
operation,  and  maintenance  costs,  are  estimated  to  range  from  $1.2  to  $3.2 
million.  Figure  B-33  shows  a  first  cost  versus  annual  cost  curve  for 
Alternative  S2.  Oischarge  capacities  and  a  cost  summary,  including  first 
costs,  annual  costs,  and  present  worth,  are  shown  in  Table  B-2. 

2.6.4  Alternative  S3 

Alternative  S3  would  require  construction  of  a  control  structure  at  the 
upstream  end  of  Squaw  Island  along  the  alignment  of  the  Bird  Island  Pier.  In 
addition,  bank  protection  would  be  required  at  critical  locations  along  the 
Black  Rock  Canal,  as  necessary.  A  discharge  capacity  versus  first  cost  curve 
was  developed  for  a  range  of  regulation  plans  based  on  three  variations  of 
control  structure  size. 

The  control  structure  would  replace  a  section  of  the  existing  Bird 
Island  Pier  immediately  adjacent  to  the  upstream  end  of  Squaw  Island.  The 
structure  would  contain  one  to  three  remote-controlled  submersible  ta inter 
gates,  23  feet  high  by  90  feet  wide.  The  entire  structure  would  be  equipped 
for  year-round  operation.  The  number  of  control  gates  would  vary  to  accom¬ 
modate  different  regulation  plans.  Construction  of  the  structure  would 
require  extensive  cofferdams  to  be  located  in  both  the  Black  Rock  Canal  and 
the  Niagara  River.  An  enclosed  foot  bridge  would  be  provided  at  the  control 
structure  to  maintain  public  access  to  the  Bird  Island  Pier.  Bank  protection 
along  the  Black  Rock  Canal  would  be  provided  upstream  of  the  control  struc¬ 
ture  in  high  velocity  reaches  dependent  upon  the  stability  of  the  existing 
sideslopes  and/or  structures.  A  traffic  control  system  for  commercial  navi¬ 
gation  would  be  provided  similar  to  the  Alternative  SI  facilities.  In 
addition,  movable  floating  log  booms  would  be  utilized  in  the  canal  to  pre¬ 
vent  recreational  navigation  from  entering  dangerous  waters  around  the 
control  structure  during  periods  of  diversion  flows.  Descriptive  plans  of 
the  three  Alternative  S3  variations  and  a  longitudinal  section  through  the 
control  structure  are  shown  on  Figures  B-34  through  B-37,  respectively. 

The  maximum  increased  discharge  capacity  of  Alternative  S3  without  Black 
Rock  Canal  operating  constraints  varies  from  6,200  cubic  feet  per  second  for 
a  one-gate  structure  to  15,300  cubic  feet  per  second  for  a  three-gate 
structure.  Capacity  reductions,  similar  to  Alternative  SI,  would  be  required 
and  based  on  the  operating  plan  shown  on  Figure  B-9.  The  corresponding 
reduced  capacities  for  Alternative  S3  would  vary  from  3,870  to  9,560  cubic 
feet  per  second.  The  first  cost  of  the  control  structure  and  appurtenant 
works  would  range  from  approximately  $10.2  to  $26.1  million.  A  discharge 
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TOTAL  ESTIMATED  FIRST  COSTS  IN  MILLIONS  OF  DOLLARS 
(BASED  ON  JULY  1979  PRICE  LEVELS) 


TOTAL  ESTIMATED  FIRST  COSTS  IN  MILLIONS  OF  DOLLARS 

(BASED  ON  JULY  1979  PRICE  LEVELS) 


BLACK  ROCK  CANAL -SQUAW  ISLAND 
ALTERNATIVE  S2 
ANNUAL  COSTS  VERSUS  FIRST  COSTS 


(INCLUDES  FINANCIAL  COSTS  AND  OPERATION  AND  MAINTENANCE  COSTS) 
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FIGURE  B-33 


BLACK  ROCK  CANAL -SQUAW  ISLAND 
ALTERNATIVE  S3 
PLAN  S3  -  90'  GATE 


BUFFALO 


ENCLOSED  FOOTBRIDGE  — '  "-CONTROI 

BLACK  ROCK  CANAL -SQUAW  ISLAND 
ALTERNATIVE  S3 
PLAN  S3  -  90'  GATE  (3) 


HOST  MOTOR 


BLACK  ROCK  CANAL- SQUAW  ISLAND 
ALTERNATIVE  S3 

CENTERLINE  PROFILE  OF  CONTROL  STRUCTURE 


capacity  versus  first  cost  curve  for  Alternative  S3  is  shown  on  Figure  B-38 
for  a  Lake  Erie  design  discharge  of  200,000  cubic  feet  per  second. 
Corresponding  annual  costs,  after  adjustments  for  finance,  operation  and 
maintenance  costs,  are  estimated  to  range  from  $1.2  to  $2.8  million.  Figure 
B-39  shows  a  first  cost  versus  annual  cost  curve  for  Alternative  S3. 

Discharge  capacities  and  a  cost  summary,  including  first  costs,  annual  costs, 
and  present  worth  are  shown  in  Table  B-2. 

2.6.5  Alternative  LI 

Alternative  LI  would  require  modification  of  the  existing  Black  Rock 
Lock  by  the  addition  of  a  control  structure,  consisting  of  a  pair  of  sector 
gates.  In  addition,  bank  protection  would  be  required  at  critical  locations 
along  the  Black  Rock  Canal,  as  necessary.  Since  dimensional  modification  of 
the  lock  chamber  is  not  permissible,  the  maximum  discharge  capacity  of  this 
alternative  is  limited.  Two  variations  of  gate  operation  were  studied  to 
develop  a  discharge  capacity  versus  first  cost  curve  to  acconmodate  a  range 
of  regulation  plans. 

A  control  structure,  consisting  of  a  pair  of  hydraulically  operated  sec¬ 
tor  gates,  would  be  constructed  in  the  upstream  approach  channel  adjacent  to 
the  existing  upper-guard  gate.  In  a  closed  position,  the  33-foot  sector 
gates  would  span  the  70-foot  wide  lock  chamber.  They  would  rotate  horizon¬ 
tally  into  recesses  to  provide  varying  discharge  capacities  when  the  lock  was 
out  of  operation.  During  periods  set  aside  for  navigation,  the  sector  gates 
would  recess  flush  into  the  chamber  walls.  The  open  width  of  the  sector 
gates  would  vary  to  accommodate  different  regulation  plans.  The  entire 
structure  would  be  equipped  for  year-round  operation.  Bank  protection  along 
the  Black  Rock  Canal  and  a  traffic  control  system  would  be  provided  similar 
to  the  Alternative  SI  facilities.  A  prefabricated  and  reusable  cofferdam 
system  would  be  utilized  across  the  Black  Rock  Canal  to  permit  staged 
construction  over  several  winters  in  order  to  accommodate  regular  summer 
navigation.  A  descriptive  plan  of  the  required  lock  modifications  and  a 
transverse  section  through  the  control  structure  are  shown  on  Figures  B-40 
and  B-41. 

The  maximum  Increased  discharge  capacity  of  Alternative  LI  without  Black 
Rock  Canal  operating  constraints  varies  from  6,800  cubic  feet  per  second  for 
a  30-foot  open  gate  to  16,000  cubic  feet  per  second  for  a  70-foot  open  gate. 
Capacity  reductions,  similar  to  Alternative  SI,  would  be  required  and  based 
on  the  operating  plan  shown  on  Figure  B-10.  The  corresponding  reduced  capac¬ 
ities  for  Alternative  LI  would  vary  from  3,680  to  8,670  cubic  feet  per 
second.  The  first  costs  of  the  control  structure  and  appurtenant  works  would 
range  from  approximately  $10.3  to  $13.1  million.  A  discharge  capacity  versus 
first  cost  curve  for  Alternative  LI  is  shown  on  Figure  B-42  for  a  Lake  Erie 
design  discharge  of  200,000  cubic  feet  per  second.  Corresponding  annual 
costs,  after  adjustments  for  finance,  operation  and  maintenance  costs,  are 
estimated  to  range  from  $1.2  to  $1.5  million.  Figure  B-43  shows  a  first  cost 
versus  annual  cost  curve  for  Alternative  LI.  Discharge  capacities  and  a  cost 
summary.  Including  first  costs,  annual  costs,  and  present  worth  are  shown  In 
Table  B-2. 
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TOTAL  ESTIMATED  FIRST  COSTS  IN  MILLIONS  OF  DOLLARS 
(BASED  ON  JULY  1979  PRICE  LEVELS) 


BLACK  ROCK  CANAL -SQUAW  ISLAND 
ALTERNATIVE  S3 


WITHOUT  OPERATING  CONSTRAINTS 
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FIGURE  B-38 


TOTAL  £STtMAT£0  mST  COSTS  IN  kULLIONS  Of  DOLLARS 

(BASED  ON  JULY  1979  PRICE  LEVELS) 


BLACK  ROCK  CANAL -SQUAW  ISLAND 
ALTERNATIVE  S3 
ANNUAL  .COSTS  VERSUS  FIRST  COSTS 


(INCLUDES  FINANCIAL  COSTS  AND  OPERATION  AND  MAINTENANCE  COSTS) 
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FIGURE  B-39 


BLACK  ROCK  CANAL -BLACK  ROCK  LOCK 
ALTERNATIVE  LI 
CROSS  SECTION  OF  SECTOR  GATES 


TOTAL  ESTIMATED  FIRST  COSTS  IN  MILLIONS  OF  DOLLARS 
(BASED  ON  JULY  (979  PRICE  LEVELS) 


BLACK  ROCK  CANAL- BLACK  ROCK  LOCK 
ALTERNATIVE  Li 


HWITHOUT  OPERATING  CONSTRAINTS 
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FIGURE  B-4E 


TOTAL  ESTIMATED  FIRST  COSTS  IN  MILLIONS  OF  DOLLARS 

(BASED  ON  JULY  1979  PR!  CE  LEVELS) 


BLACK  ROCK  CANAL -BLACK  ROCK  LOCK 
ALTERNATIVE  LI 

ANNUAL  COSTS  VERSUS  FIRST  COSTS 


ANNUAL  COSTS  IN  MILLIONS  OF  DOLLARS 
(INCLUDES  FINANCIAL  COSTS  AND  OPERATION  AND  MAINTENANCE  COSTS) 
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FIGURE  B-43 


2.7  Structural  Works  Required  for  Selected  Regulation  Plans 


A  series  of  Lake  Erie  regulation  plans  were  developed  to  study  a  range 
of  increases  in  Lake  Erie  outflow  that  would  provide  limited  regulation  of 
Lake  Erie  during  periods  of  high  supply.  Each  plan  would  require  construc¬ 
tion  of  regulatory  works  and  remedial  measures  at  the  head  of  the  Niagara 
River.  Three  of  these  regulation  plans  were  selected  to  represent 
high-range,  mid-range,  and  low-range  increases  in  lake  outflow  at  the  criti¬ 
cal  Lake  Erie  design  discharge  of  200,000  cubic  feet  per  second.  Each 
selected  plan  was  evaluated  with  respect  to  the  regulatory  works  alternatives 
discussed  in  Section  2.6.  The  following  is  a  summary  of  the  regulatory  works 
and  remedial  measures  that  would  best  implement  each  of  the  selected  plans 
while  satisfying  economic  criteria. 

2,7.1  Regulation  Plan  25N 

Plan  25N  addresses  a  high-range  regulation  plan  that  would  provide  an 
approximate  increase  in  Lake  Erie  design  outflow  of  25,000  cubic  feet  per 
second.  Of  the  five  structural  alternatives,  under  study,  only  Alternative 
N3  could  provide  high-range  increases  in  lake  outflow.  Least  cost  implemen¬ 
tation  of  Plan  25N  would  be  achieved  with  a  six-gate  variation  of  Alternative 
N3.  This  variation  would  provide  the  required  25,000  cubic  feet  per  second 
design  outflow.  Since  operating  constraints  are  not  required  with  a  series 
"N"  alternative,  the  net  increase  in  lake  outflow  would  equal  the  design 
outflow.  The  greatest  effective  lowering  of  Lake  Erie  versus  average  annual 
cost  for  a  high  range  increase  in  lake  outflow  would  be  achieved  with  this 
plan. 


The  location  of  Alternative  N3  and  the  regulatory  works  and  remedial 
measures  required  i,o  implement  Plan  25N  are  discussed  in  Section  2.6.1. 

Figure  B-15  in  Section  2.6.1  shows  the  location  of  the  proposed  control 
structure  and  the  limits  of  compensatory  dredging.  Figure  B-17  shows  a 
longitudinal  cross  section  through  the  control  structure.  The  total  first 
cost  of  this  control  structure,  compensatory  dredging  and  appurtenant  works, 
based  on  July  1979  price  levels  is  approximately  $111.4  million.  The 
corresponding  annual  cost,  after  adjustments  for  finance,  operation  and  main¬ 
tenance  costs,  is  estimated  to  be  $11.6  million.  Table  B-4  shows  a  time  pro¬ 
file  of  all  undiscounted  and  discounted  project  costs  in  each  year  of 
occurrence  over  the  assumed  50-year  economic  project  life.  The  present  worth 
of  all  project  costs  is  approximately  $134.3  million. 
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Table  B-4  -  Regulation  Plan  25N  -  Project  Cost  Time  Profile 


Undiscounted 

01  scounted 

Item 

Year 

Project  Costl/ 

Project  Costl/ 

Investment  Cost 

130,331,000 

- - 

130,331,000 

Operation  and  Maintenance  Cost 

1 

339,000 

312,442 

287,965 

265,406 

244,614 

Operation  and  Maintenance  Cost 

5 

339,000 

225,450 

207,788 

191,510 

176,507 

162,679 

Operation  and  Maintenance  Cost 

10 

339,000 

149,935 

138.189 
127,363 
117,385 

108.189 

Operation  and  Maintenance  Cost 

15 

339,000 

99,713 

91,902 

84,702 

78,066 

71,951 

Operation  and  Maintenance  Cost 

20 

339,000 

66,314 

61,119 

56,331 

51,918 

47,850 

Operation  and  Maintenance  Cost 

25 

339,000 

44,102 

40,647 

37,463 

34,528 

31,823 

Operation  and  Maintenance  Cost 

30 

339,000 

29,330 

27,032 

24,914 

22,962 

21,164 

Operation  and  Maintenance  Cost 

35 

339,000 

19,506 

17,977 

16,569 

15,271 

14,075 

Operation  and  Maintenance  Cost 

40 

339,000 

12,972 

11,956 

11,014 

10,156 

9,360 

Operation  and  Maintenance  Cost 

45 

339,000 

8,627 

7,951 

7,328 

6,754 

6,225 

Operation  and  Maintenance  Cost 

50 

339,000 

5.737 

Present  Worth 

13^:751  736 

y  Cost  estimates  are  based  on  July  1979  price  levels,  50-year  economic 
project  life  and  an  8-1/2  percent  Interest  rate. 


2.7.2  Regulation  Plan  15S 

Plan  15S  addresses  a  mid-range  regulation  plan  that  would  provide  an 
approximate  Increase  in  Lake  Erie  design  outflow  of  15,000  cubic  feet  per 
second.  All  five  structural  alternatives,  under  study,  could  provide  mid¬ 
range  increases  in  lake  outflow.  Alternatives  N3  and  S3  were  eliminated  for 
economic  reasons.  Least  cost  Implementation  of  Plan  15S  could  be  achieved 
with  either  alternatives  LI  or  SI.  However,  engineering  feasibility  and 
future  environmental  and  social  concerns  require  selection  of  Alternative  S2. 
The  implementation  of  Plan  15S  would  best  be  achieved  with  a  75-foot  wide 
gate  variation  of  alternative  S2.  This  variation  would  provide  an  increase 
in  Lake  Erie  design  outflow  of  15,400  cubic  feet  per  second.  Operational 
constraints  in  the  Black  Rock  Canal  would  reduce  the  design  outflow  to  a  net 
increase  in  lake  outflow  of  9,620  cubic  feet  per  second. 

The  location  of  alternative  S2  and  the  regulatory  works  and  remedial 
measures  required  to  implement  Plan  15S  are  discussed  in  Section  2.6.3. 

Figure  B-28  shows  the  location  of  the  proposed  control  structure  and  diver¬ 
sion  channel.  A  longitudinal  cross  section  through  the  control  structure  and 
transverse  cross  sections  through  the  diversion  channel  are  shown  on  Figures 
B-30  and  B-31,  respectively.  The  total  first  cost  of  this  control  structure, 
diversion  channel  and  appurtenant  works,  based  on  July  1979  price  levels,  is 
approximately  $19.6  million.  The  corresponding  annual  cost,  after  adjust¬ 
ments  for  finance,  operation  and  maintenance  costs,  is  estimated  to  be  $2.0 
million.  Table  B-5  shows  a  time  profile  of  all  undiscounted  and  discounted 
project  costs  in  each  year  of  occurrence  over  the  assumed  50-year  economic 
project  life.  The  present  worth  of  all  project  costs  is  approximately  $22.5 
mill  ion. 
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Table  B-5  -  Regulation  Plan  15S  -  Project  Cost  Time  Profile 


Item 

Year 

Undiscounted 
Project  Costl/ 

D1 scounted 
Project  CostI/ 

Investment  Cost 

20,416,000 

- 

20,416,000 

Operation  and  Maintenance  Cost 

1 

182,000 

167,742 

154,601 

142,489 

131,327 

Operation  and  Maintenance  Cost 

5 

182,000 

121,038 

111,556 

102,817 

94,762 

87,338 

Operation  and  Maintenance  Cost 

10 

182,000 

80,496 

74,190 

68,378 

63,021 

58,084 

Operation  and  Maintenance  Cost 

IS 

182,000 

53,533 

49,340 

45,474 

41,912 

38,628 

Operation  and  Maintenance  Cost 

20 

182,000 

35,602 

32,813 

30,242 

27,873 

25,690 

Operation  and  Maintenance  Cost 

25 

182,000 

23,677 

21,822 

20,113 

18,537 

17,085 

Operation  and  Maintenance  Cost 

30 

182,000 

15,746 

14,513 

13,376 

12,328 

11,362 

Operation  and  Maintenance  Cost 

35 

182,000 

10,472 

9,652 

8,896 

8,199 

7,556 

Operation  and  Maintenance  Cost 

40 

182,000 

6,964 

6,419 

5,916 

5,452 

5,025 

Operation  and  Maintenance  Cost 

45 

182,000 

4,632 

4,269 

3,934 

3,626 

3,342 

Operation  and  Maintenance  Cost 
Present  Worth 

50 

182,000 

3.080 
??,520  939 

V  Cost  estimates  are  based  on  July  1979  price  levels,  50-year  economic 
project  life  and  an  8-1/2  percent  Interest  rate. 
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2.7.3  Regulation  Plan  6L 


Plan  6L  addresses  a  low-range  regulation  plan  that  would  provide  an 
approximate  Increase  In  Lake  Erie  design  outflow  of  6,000  cubic  feet  per 
second.  All  five  structural  alternatives  under  study  could  provide  low- 
range  Increases  In  lake  outflow.  Alternatives  NS,  SI,  and  S2  were  eliminated 
for  economic  reasons.  Least  cost  Implementation  of  Plan  6L  could  be  achieved 
with  alternative  S3.  However,  engineering  feasibility  and  future  social  con¬ 
cerns  require  selection  of  alternative  LI.  The  implementation  of  Plan  6L 
would  best  be  achieved  with  a  variation  of  alternative  LI  that  would  restrict 
the  operation  of  the  control  gate  to  a  30-foot  open  position.  This  variation 
would  provide  an  increase  in  Lake  Erie  design  outflow  of  6,800  cubic  feet  per 
second.  Operational  constraints  In  the  Black  Rock  Canal  would  reduce  the 
design  outflow  to  a  net  Increase  In  lake  outflow  of  3,680  cubic  feet  per 
second. 

The  location  of  alternative  LI  and  the  regulatory  works  and  remedial 
measures  required  to  Implement  Plan  6L  are  discussed  In  Section  2.6.5. 

Figure  B-40  shows  the  location  of  the  proposed  control  structure.  A  trans¬ 
verse  cross  section  through  the  control  structure  Is  shown  in  Figure  B-41. 

The  total  first  cost  of  this  control  structure  and  appurtenant  works,  based 
on  July  1979  price  levels,  is  approximately  $10.3  million.  The  corresponding 
annual  cost,  after  adjustments  for  finance,  operation  and  maintenance  costs, 
is  estimated  to  be  $1.2  million.  Table  B-6  shows  a  time  profile  of  all 
undiscounted  and  discounted  project  costs  In  each  year  of  occurrence  over  the 
assumed  50-year  economic  project  life.  The  present  worth  of  all  project 
costs  Is  approximately  $13.8  million. 
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Table  B-6  -  Regulation  Plan  6L  -  Project  Cost  Time  Profile 


:  Year  : 


Investment  Cost 

Operation  and  Maintenance  Cost 


Operation  and  Maintenance  Cost 


Operation  and  Maintenance  Cost 


Operation  and  Maintenance  Cost 


Operation  and  Maintenance  Cost 


Operation  and  Maintenance  Cost 


Operation  and  Maintenance  Cost 


Operation  and  Maintenance  Cost 


Operation  and  Maintenance  Cost 


Operation  and  Maintenance  Cost 


Operation  and  Maintenance  Cost 
Present  Worth 


undiscount 
Project  Cost!/ 


12,066,000 


scounte 
Project  Cost!/ 


150,000 


150,000 


150,000 


150,000 


150,000 


150,000 


50-year  economic 

project  life  and  an  8-1/2  percent  interest  rate. 


150,000 


150,000 


150,000 


150,000 


150,000 


2.8  Impacts  on  St.  Lawrence  System 

Limited  regulation  of  Lake  Erie  would  involve  increasing  its  outflow 
during  periods  of  above-average  water  supply  conditions  on  the  upper  Great 
Lakes;  i.e..  Lake  Superior  and  Lakes  Michigan-Huron.  It  would  change  the 
sequence  and  magnitude  of  supplies  to  Lake  Ontario.  The  St.  Lawrence  Seaway 
and  Power  Project  was  completed  in  the  1950 's  in  such  a  way  that  it  would 
accommodate  the  highest  supply  known  up  to  that  time  (1860-1954).  However, 
record  high  supplies  to  Lake  Ontario  were  received  in  the  early  1970's.  With 
the  addition  of  Lake  Erie  regulation,  conditions  on  Lake  Ontario  and 
downstream  would  be  expected  to  worsen,  unless  provisions  were  made  to  modify 
the  regulation  procedure  of  Lake  Ontario  and  to  increase  the  discharge  capa¬ 
city  of  the  St.  Lawrence  River. 

The  types  of  modifications  made  to  Lake  Ontario  Regulation  Plan  1958-D 
are  described  in  detail  in  Section  4.6  of  the  Main  Report  and  Appendix  A, 

Lake  Regulation.  Section  3  of  this  appendix  describes  the  engineering  reme¬ 
dial  works  that  would  be  necessary  to  accomplish  a  combined  Lakes  Erie  and 
Ontario  regulation  and  at  the  same  time  meet  the  IJC  existing  criteria  and 
other  requirements  for  the  regulation  of  Lake  Ontario.  It  also  describes  the 
portion  of  the  remedial  works  that  would  be  necessary  for  the  regulation  of 
Lake  Ontario,  with  the  supplies  received  through  1976,  and  to  meet  the 
existing  IJC  criteria. 
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Section  3 


1 

ST.  LAWRENCE  RIVER  SYSTEM 


3.1  Preface 

The  required  remedial  works  in  the  International  and  Canadian  Reaches  of 
the  St.  Lawrence  River  were  defined  to  accommodate  a  wide  range  of  increased 
Lake  Ontario  outflows  that  would  be  necessary  due  to  limited  regulation  of 
Lake  Erie.  Following  definition  of  the  three  regulation  schemes  and  plans 
under  Category  3  as  described  in  ^pendix  A,  preliminary  estimates  were  then 
made  for  required  remedial  works  in  the  St.  Lawrence  River.  It  should  be 
noted  that  the  channel  remedial  works  evaluated  for  the  Canadian  reach  were 
confined  to  the  Lachine  Rapids  area  near  Montreal.  While  these  remedial 
works  would  mitigate  the  flooding  problem  on  Lake  St.  Louis  adjacent  to  and 
upstream  of  Montreal,  they  would  not  provide  similar  relief  to  riparian 
interests  downstream  of  Montreal.  No  remedial  works  downstream  of  Montreal 
were  examined,  in  accordance  with  the  Plan  of  Study. 

Under  Category  3,  an  adjusted  basis-of-comparison  was  also  developed  and 
used  in  estimating  the  increasing  capacity  that  would  be  required  in  the 
St.  Lawrence  River  to  handle  the  supplies  for  the  study  period  1900-1976  and 
satisfy  the  Cotnnission's  Orders  of  Approval  for  the  regulation  of  Lake 
Ontario.  The  required  St.  Lawrence  remedial  works  for  the  adjusted  basis-of- 
comparison  are  also  described  in  this  appendix.  The  differences  in  capacity 
increase  between  those  required  by  the  adjusted  basis-of-comparison  and  those 
required  by  the  Lake  Erie  plans  could  be  considered  the  incremental  channel 
enlargements  required  for  combined  Lakes  Erie  and  Ontario  regulation. 

3.2  Description  of  the  Project  Area 

The  St.  Lawrence  River  forms  the  natural  outlet  of  the  Great  Lakes 
drainage  basin.  From  Lake  Ontario  at  Kingston,  Ontario,  the  river  flows 
generally  in  a  northeasterly  direction  to  its  outlet  on  the  Gulf  of  St. 
Lawrence,  at  Father  Point,  Quebec,  a  distance  of  some  530  miles.  Between 
Kingston,  and  Cornwall,  Ontario,  the  river  coincides  with  the  International 
Boundary  between  Canada  and  the  United  States.  Downstream  of  Cornwall, 
Ontario,  the  river  lies  v^olly  within  the  Province  of  Quebec.  A  location  map 
of  the  St.  Lawrence  River  is  shown  on  Figure  B-44. 

3.2.1  General 

The  St.  Lawrence  River  possesses  some  advantages  not  shared  by  many 
rivers  of  comparable  size  and  importance.  The  natural  regulating  effect  of 
the  Great  Lakes  results  in  a  remarkably  uniform  flow  in  the  St.  Lawrence;  the 
ratio  of  maximum  to  minimum  flow  at  its  headwaters  on  Lake  Ontario  being 
about  2:1  as  compared,  for  example,  to  the  Mississippi  River  with  a  corres¬ 
ponding  ratio  of  about  40:1.  Over  the  period  1900-1976,  the  mean  recorded 
flow  was  237,000  cfs,  the  maximum  350,000  cfs,  and  the  minimum  154,000  cfs. 
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FIGURE  B.44 


(sheet  2  of  2)  St.  Lawrence  River  -  Location  Map 


From  Lake  Ontario  at  Kingston,  to  Father  Point,  Quebec,  which  marks 
the  transition  to  the  Gulf  of  St.  Lawrence,  the  St.  Lawrence  River  falls 
approximately  245  feet.  Throughout  the  first  68  miles  of  its  length,  the 
river  is  characterized  by  numerous  rocky  islands  and  reefs  from  which  the 
name,  Thousand  Islands  Reach,  is  derived.  With  the  construction  of  the 
St.  Lawrence  Seaway  and  Power  Project,  between  1954  and  1959,  the  physical 
features  of  the  next  section  of  the  river  between  Iroquois  and  Cornwall, 
Ontario,  were  considerably  changed.  The  construction  of  the  Saunders-Moses 
hydro-elecric  plants  and  appurtenances  at  Cornwall,  Ontario  -  Massena, 

New  York,  caused  the  formation  of  a  large  man-made  lake,  named  Lake  St. 
Lawrence,  which  flooded  areas  where  entire  villages  had  been  located. 

Previous  inhabitants  of  the  flooded  area  were  relocated  during  the  Seaway 
project  period. 

Below  the  Saunders-Moses  Power  Dam,  the  river  divides  into  two  channels 
around  Cornwall  Island  which  then  reunite  to  form  Lake  St.  Francis.  Down¬ 
stream  of  Lake  St.  Francis,  the  river  flows  through  the  Beauharnois  Canal 
and  Cedars  complex  to  Lake  St.  Louis.  The  Beauharnois  Powerhouse  is  located 
at  the  end  of  the  canal.  At  the  outlet  of  Lake  St.  Louis,  the  river  drops 
through  the  Laciiine  Rapids  into  the  Laprairie  Basin  and  thence  through  the 
short,  swift  flowing  section  near  Victoria  Bridge  to  Montreal  Harbour, 
falling  a  distance  of  about  50  feet.  Ottawa  River  waters  join  the  St. 

Lawrence  here  at  Montreal  through  the  Lake  of  Two  Mountains  located  to  the 
northeast  of  Montreal  Island,  the  back  rivers  to  the  north  of  Montreal  Island, 
and  the  Vaudreuil  and  Sainte  /Wine  channels  connecting  Lake  St.  Louis  and  Lake 
of  Two  Mountains.  In  the  160  miles  of  river  between  Montreal  and  Quebec 
City,  the  fall  is  about  25  feet  at  low  tide.  The  range  of  tide  at  Quebec 
City  averages  about  16  feet,  but  extreme  high  spring  tides  have  exceeded 
21  feet.  The  tidal  effect  diminishes  upstream  until  the  maximum  range  is 
only  about  1-1/2  feet  at  Trois  Rivieres  and  1/2  foot  at  the  upper  end  of  Lake 
St.  Peter.  Below  Quebec  City,  the  river  gradually  forms  its  transition  into 
the  St.  Lawrence  estuary  and  finally  the  Gul v  of  St.  Lawrence. 

inUnmatinnaL  Reanh:  For  the  International  section  of  the  river 
extending  about  112  miles  from  Lake  Ontario  to  Cornwall,  Ontario-St.  Regis, 
Quebec,  the  St.  Lawrence  River  is  subject  to  the  terms  of  the  Boundary  Waters 
Treaty  of  1909  between  the  two  countries.  In  its  first  68  miles  to  Chimney 
Point,  New  York,  the  river  falls  about  1  foot.  The  river  varies  from  1  to  4 
miles  in  width,  is  slow  moving,  and  generally  deep.  The  numerous  islands  and 
shoals  form  the  Thousand  Islands.  In  the  44  miles  from  Chimney  Point  to  St. 
Regis,  the  river  falls  approximately  92  feet.  Prior  to  the  St.  Lawrence 
Seaway  and  Power  Project,  this  fall  was  concentrated  in  a  series  of  rapids 
between  Chimney  Point  and  Long  Sault.  However,  with  the  completion  of  the 
St.  Lawrence  Seaway  and  Power  Project,  a  major  portion  of  the  fall  occurs  at 
the  Saunders-Moses  power  generation  station.  Three  locks  are  provided  for 
navigation,  one  at  Iroquois  and  two  in  the  power  development  area.  Channel 
excavation  was  carried  out  in  this  section  in  1955  in  order  to  meet  the  cri¬ 
teria  in  the  Order  of  Approval  issued  by  the  International  Joint  Commission 
approving  construction  of  the  project.  The  project  was  designed  so  that 
water  velocities  in  the  section  do  not  exceed  4  feet  per  second  (fps)  during 
the  navigation  season  or  2.25  fps  during  the  ice  formation  period  in  the 
winter  in  order  to  minimize  the  difficulties  of  power  generation. 
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Canadian  Reach:  Downstream  from  St.  Regis,  Quebec,  the  St.  Lawrence 
River  lies  wholly  in  Canada  and  all  alterations  for  navigation  downstream  to 
Montreal  have  been  carried  out  by  the  St.  Lawrence  Seaway  Authority.  Below 
Cornwall  Island,  the  navigation  channel  crosses  Lake  St.  Francis  for  a 
distance  of  31  miles  to  the  head  of  the  Beauharnois  Power  Canal.  The  water 
level  of  Lake  St.  Francis  is  maintained  very  closely  to  152  feet,  IGLD  (1955) 
through  operation  of  the  Beauharnois  Cedars  Complex  by  Hydro-Quebec.  In 
authorizing  diversions  of  water  for  power  purposes  at  Beauharnois,  the 
Government  of  Canada  passed  legislation  in  1932  specifying  certain  conditions 
which  would  enable  the  power  canal  to  be  used  ultimately  as  part  of  the 
Seaway  System.  Hydro-Quebec  has  been  required  to  maintain  the  canal  to  give 
a  clear  width  of  600  feet  on  the  bottom,  a  depth  of  27  feet  at  low  water 
datum  stage,  and  to  provide  adequate  cross-sectional  area  so  as  to  produce 
average  velocities  not  exceeding  2.25  fps  under  any  condition  of  operation. 

Two  Seaway  locks  overcome  the  84-foot  fall  between  Lake  St.  Francis 
and  Lake  St.  Louis.  Downstream  of  Beauharnois,  the  river  widens  into  Lake 
St.  Louis  which  extends  for  10  miles  to  the  Lachine  Rapids.  The  navigation 
channel  then  bypasses  the  Lachine  Rapids  and  reaches  Montreal  through  Seaway 
facilities  which  consist  of  two  locks:  one  at  Cote  Ste.  Catherine;  the 
other  at  St.  Lambert. 

3.2.2  Existing  Regulatory  and  Power  Facilities 

The  four  major  installations  in  the  St.  Lawrence  River  between  Lake 
Ontario  and  Montreal  are  the  Iroquois  Dam,  Long  Sault  Dam,  Saunders-Moses 
Plants,  and  Beauharnois-Cedars  complex.  In  addition,  channel  enlargements 
were  carried  out  for  the  Seaway  and  power  projects. 

Troquoia  Dam:  The  Iroquois  Dam  extends  about  1,98D  feet  from  Point 
Rockway  in  the  United  States  to  the  Canadian  shore  near  Iroquois.  The 
structure  is  equipped  with  thirty-two  50-foot  sluices  designed  to  pass  a 
maximum  lake  outflow  in  excess  of  the  maximum  flow  of  310,000  cfs  as  speci¬ 
fied  by  the  current  regulation  plan  (1958-D).  If  necessary,  the  dam  can  be 
operated  to  control  and  regulate  the  outflow  from  Lake  Ontario,  replacing  the 
natural  control  provided  by  a  rock  ledge  v4i1ch  existed  near  Galop  Island 
prior  to  alterations  associated  with  the  project.  The  pattern  of  gate  set¬ 
tings  for  the  dam  was  developed  from  hydraulic  model  tests  and  have  been 
selected  so  as  to  minimize  adverse  currents  in  the  navigation  channel  at  the 
lower  approach  to  the  Iroquois  Lock.  During  periods  of  strong  westerly 
winds,  the  gates  may  be  dipped  to  prevent  excessive  buildup  of  water  levels 
in  Lake  St.  Lawrence.  The  gates  are  also  used  during  ice  formation  to  assist 
in  promoting  a  stable  ice  cover. 

i,oruj  :iautt  Dam:  Long  Sault  Dam  is  located  below  the  foot  of  Long 
Sault  Island,  about  25  miles  downstream  of  the  Iroquois  Dam.  It  measures 
about  2,960  feet  along  its  curved  axis.  Besides  a  non-overflow  section,  it 
also  has  a  spillway  section  which  consists  of  thirty  50-foot  sluices.  The 
spillway  discharge  has  capacity  in  excess  of  requirements  at  the 
Saunders-Moses  power  plants.  It  also  can  effectively  control  the  river  flows 
and  water  levels  within  specified  ranges  in  the  event  that  flows  cannot  be 
discharged  through  the  Saunders-Moses  plants. 
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!'aunderii-MoeeB  Plants:  The  Saunders-Moses  Plants  are  located  about 

3.5  miles  downstream  from  Long  Sault  Dam  and  about  2  miles  west  of  Cornwall, 
Ontario.  The  3,300  feet  long  plant,  with  a  rated  head  of  81  feet  contains 
thirty-two  57,000  kilowatt  capacity  generators.  Sixteen  generators  are 
operated  by  the  Power  Authority  of  the  State  of  New  York  while  the  other 
sixteen  are  operated  by  Ontario  Hydro.  Impounded  behind  the  concrete  gravity 
dam  of  the  power  plants  is  the  man-made  Lake  St.  Lawrence,  which  extends 
upstream  to  Iroquois  0am. 

Bcauhamoia  and  Cedars  Complex:  At  the  lower  end  of  Lake  St.  Francis, 
about  32  miles  east  of  Cornwall,  Ontario,  the  major  part  of  the  St.  Lawrence 
is  diverted  through  a  15-mile  navigation  and  power  canal  to  Hydro-Quebec's 
generating  station  at  Beauharnois.  The  Beauharnois  Powerhouse  has  36  main 
generating  units  with  a  total  capacity  of  1,574,260  kilowatts  at  a  rated  head 
of  80  feet.  The  600-foot  wide,  27-foot  deep  navigation  channel  occupies  the 
left  edge  of  the  3,500-foot  wide  Beauharnois  Canal.  Two  locks  at  the 
confluence  with  Lake  St.  Louis  allow  ships  to  transit  the  80-foot  differen¬ 
tial  in  elevation  between  Lake  St.  Louis  and  the  canal. 

The  remaining  portion  of  St.  Lawrence  flow  leaves  Lake  St.  Francis 
through  the  Coteau  Control  Dam  down  the  natural  river  channel.  Most  of  this 
water  is  utilized  by  the  generating  station  at  Cedars  which  is  also  operated 
by  Hydro-Quebec.  The  Cedars  powerhouse  has  18  generating  units  with  a  total 
capacity  of  162,000  kilowatts  at  a  rated  head  of  35  feet. 

channel  Enlargements:  An  integral  part  Of  the  St.  Lawrence  Seaway  Power 
Project  was  the  channel  dredging  and  excavations  carried  out  to: 

1.  Provide  a  channel  depth,  w  Jth,  alignment,  and  water  velocity  for 
27-foot  navigation; 

2.  Reduce  velocities  to  induce  winter  ice  cover  over  most  of  the  river 
thus  minimizing  operational  problems  and  enhancing  the  channel  carrying  capa¬ 
city  of  the  river  subsequent  to  the  ice  forming  period; 

3.  Distribute  the  flow  in  such  a  way  as  not  to  interfere  with 
navigation;  and 

4.  To  reduce  head  losses  at  specific  points,  to  increase  the  channel 
capacity  and  to  maximize  the  head  available  for  hydro-electric  power 
generation. 

For  the  most  part,  channel  enlargements  carried  out  for  power  or  navigation 
interests  were  beneficial  to  each  other. 

The  International  Joint  Commission,  in  its  1952  Orders  of  Approval, 
specified  that  the  Power  Entities  were  required  to  undertake  channel 
enlargements  which  would  ensure  that  velocities  through  the  Galop  section 
not  exceed  4  fps  and  below  Galop  down  to  Morrisburg,  not  exceed  2.25  fps 
during  the  ice  forming  period.  Minimum  depths  of  29.5  feet  upstream  of  and 

28.5  feet  downstream  of  Iroquois  were  required.  The  Power  Entities  carried 
out  channel  enlargements  in  nine  principal  areas,  while  the  navigation 
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agencies  carried  out  dredging  in  three.  The  principal  locations  of  channel 
enlargements,  carried  out  by  the  Power  Entities,  were  at  Chimney  Point,  Galop 
Island,  Lalone<Lotus  Islands,  Sparrow  Hawk  Point  -  Toussaints  Island, 
Iroquois,  Point  Three  Points,  Ogden  Island,  headrace  of  Long  Sault  Dam  and 
tail  race  of  the  Saunders-Moses  Dam.  The  principal  location  of  channel 
enlargements  carried  out  specifically  for  navigation  were  at  the  Iroquois 
Lock,  Wiley-Dondero  Ship  Channel,  and  North  and  South  of  Cornwall  Island. 

Approximately  107  million  cubic  yards  of  material  were  excavated  during 
the  Seaway  Project.  The  excavations  carried  out  by  the  Power  Entities 
totaled  63  million  cubic  yards.  The  excavations  carried  out  by  the  naviga¬ 
tion  agencies  totaled  44  million  cubic  yards. 

As  an  example  of  the  channel  capacity  increase  attained  by  the  project, 
a  flow  of  350,000  cfs  was  discharged  out  of  Lake  Ontario  during  portions  of 
1973  and  1976.  During  the  latter  part  of  the  Summer  of  1973,  this  was  about 
19,000  cfs  in  excess  of  the  flow  that  would  have  occurred  prior  to  the 
project.  Although,  it  was  physically  possible  to  release  a  greater  flow  out 
of  Lake  Ontario,  it  would  have  had  very  serious  effects  on  navigation, 
shorefront  properties  on  Lake  St.  Lawrence  and  in  the  Montreal  area,  and  on 
the  generation  of  power  on  the  St.  Lawrence. 

3.2.3  Current  Operating  Plan 

Appendix  A,  Lake  Regulation,  discusses  details  of  the  current  operating 
plan  used  in  regulating  the  outflows  of  Lake  Ontario. 

3.2.4  Navigation  Facilities 

Works  of  the  Federal  Seaway  agencies  of  Canada  and  the  United  States  provide 
a  27-foot  navigation  channel  through  the  river  between  Lake  Ontario  and 
Montreal  Harbour.  At  and  bel ow  Montreal ,  a  35-foot  navigation  channel  is 
maintained  by  the  Canadian  Ministry  of  Transport. 

St.  Laurence  Seauay’’  From  Montreal  to  Lake  Ontario,  a  vessel  travels 
182  miles  and  rises  over  225  feet.  This  distance  '>e  considered  to  con¬ 
sist  of  five  sections,  three  of  which  are  solely  *.  iian  waters,  the 
others  in  International  Boundary  waters. 

The  first  section,  about  31  miles  in  length,  contains  the  St.  Lambert 
and  Cote-Ste-Catherine  Locks,  which  enable  ships  to  bypass  the  Lachine  Rapids 
and  to  rise  50  feet  above  the  level  of  Montreal  Harbour.  After  moving 
through  Lake  St.  Louis,  ships  enter  the  second  section,  the  Soulanges 
Section,  which  extends  for  a  distance  of  16  miles  into  Lake  St.  Francis. 

The  Lower  and  Upper  Beauharnois  Locks  lift  ships  a  total  of  82  feet  above 
Lake  St.  Louis.  The  third  section.  Lake  St.  Francis,  is  29  miles  long  and 
terminates  just  east  of  Cornwall,  Ontario. 

The  first  of  the  two  International  Sections  of  the  St.  Lawrence  Seaway 
is  entered  at  the  upstream  end  of  Lake  St.  Francis  and  extends  to  a  point 
just  east  of  Ogdensburg,  New  York.  It  is  mainly  the  man-made  Lake  St. 
Lawrence  resulting  from  the  construction  of  the  Saunders41oses  power  complex. 
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The  major  difference  in  elevation  is  overcome  by  the  United  States  Snell  and 
Eisenhower  Locks  near  Massena.  The  Iroquois  Lock,  located  beside  the 
Iroquois  Dam  on  the  Canadian  side,  bypasses  the  Iroquois  0am  and  is  operated 
by  the  St.  Lawrence  Seaway  Authority  in  Canada.  The  remaining  section,  known 
as  the  Thousand  Island  Section,  extends  from  here  over  68  miles  Into  Lake 
Ontario. 

3.2.5  Bridges,  Wharves,  Ferries,  and  Other  Facilities 

There  are  15  bridges  spanning  the  St.  Lawrence  River,  all  of  which  pro¬ 
vide  a  vertical  clearance  of  at  least  120  feet  above  high  water  to  accom¬ 
modate  commercial  vessels.  The  Louis  Hippolyte  Lafontaine  tunnel  carries 
vehicular  traffic  under  the  St.  Lawrence  River  at  the  head  of  Bouchervllle 
Islands,  downstream  of  Montreal.  Other  tunnels  carry  vehicular  traffic  under 
the  Lower  Beauharnois  Lock  at  Melocheville,  Quebec,  and  the  Elsenhower  Lock 
near  Massena,  New  York. 

Two  commercial  wharves  with  a  depth  of  27  feet  below  low  water  datum 
are  located  in  Montreal,  namely  Port  de  Valleyfield  and  Lower  Lakes  Terminal. 
There  are  46  wharves  with  a  maintained  depth  of  less  than  27  feet,  of  which 
44  are  located  in  Canada  and  two  in  the  United  States. 

There  are  a  total  of  11  ferry  routes  on  the  St.  Lawrence.  Below 
Quebec  City,  ferries  traverse  the  river  between:  Quebec  City  and  Levis; 
Riviere-Du  Loup  and  St.  Simeon;  Trois  Pistoles  and  Les  Escoumlns;  Rimouski 
and  Bale  Comeau;  Matane  and  Godbout;  and  Ste.  Anne-des41onts  and  Sept-Iles. 
Above  Quebec  City,  there  are  ferry  crossings  between:  Sore!  and 
Berthierville;  the  city  of  Dorval  and  He  Dorval ;  Kingston  and  WOlfe  Island 
with  stops  at  Simcoe  and  Garden  Islands;  Simcoe  Island  and  Wolfe  Island;  and 
Wolfe  Island  and  Cape  Vincent,  ftew  York.  In  addition,  there  are  several 
scenic  boat  tours  in  operation  during  the  tourist  season  throughout  the  river 
system. 

There  are  sixteen  submarine  cables  and  four  major  overhead  transmission 
lines  across  the  St.  Lawrence  River. 

3.3  Selection  of  Remedial  Works  Alternatives 

3.3.1  International  Reach 

Based  upon  the  water  supplies  for  the  study  period  1900-1976,  the 
existing  channels  of  the  St.  Lawrence  River  were  found  to  have  Inadequate 
capacity  to  convey  the  additional  outflow  from  Lake  Ontario  that  would  result 
from  the  limited  regulation  of  Lake  Erie.  In  order  to  meet  the  regulation 
criteria  and  other  requirements  in  the  existing  Orders  of  Approval  of  the 
International  Joint  Commission  for  the  regulation  of  Lake  Ontario,  remedial 
works  would  therefore  be  necessary  In  the  International  Reach  of  the  St. 
Lawrence  River.  These  remedial  works  would  take  the  form  of  channel  enlarge¬ 
ments  in  certain  restricted  segments  of  the  International  Reach.  The 
existing  regulatory  and  power  facilities,  as  described  In  Section  3.2.2, 
would  provide  adequate  flow  retardation  and  water  level  control  In  this  reach 
subsequent  to  these  channel  enlargement  measures.  To  provide  a  range  of 
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increased  hydraulic  conveyance  capacities  in  this  reach  of  the  St.  Lawrence 
along  with  associated  costs  to  permit  regulation  plan  development  under 
Category  3  evaluations,  five  channel  enlargement  schemes  were  developed 
(Section  3.5.2).  These  schemes  permit  increased  outflows  from  Lake  Ontario 
of  up  to  30,000  cfs.  After  reviewing  these  schemes,  it  became  apparent  that 
excavation  along  side  the  navigation  channels  was  the  most  efficient  and  cost 
effective  way  to  achieve  the  required  conveyance  capacities,  particularly  at 
restricted  locations  such  as  Chimney  Point  -  Galop  Island  area. 

In  order  to  better  define  the  locations  and  amounts  of  channel  excavations, 
physical  modelling  would  be  required.  Such  model  studies  would  provide  more 
detailed  information  on  the  effects  of  channel  excavation  on  the  flow  veloci¬ 
ties  and  water  surface  profile. 

3.3.2  Canadian  Reach 

Channel  enlargement  at  Lachine  Rapids  would  be  required  to  mitigate 
flooding  of  lands  adjacent  to  Lake  St.  Louis.  Depending  on  the  amount  of 
channel  enlargement,  a  compensating  structure  at  Lachine  might  also  be 
necessary  to  offset  the  effect  of  channel  enlargement  at  lower  flows.  To 
provide  a  range  of  increased  channel  capacities  at  the  Lachine  section  and 
associated  costs,  several  schemes  were  developed  permitting  increased  out¬ 
flows  from  Lake  St.  Louis  of  up  to  50,000  cfs.  As  previously  noted,  the 
possibilities  of  remedial  works  downstream  of  Montreal  were  not  examined  in 
this  study.  If  limited  regulation  of  Lake  Erie  were  to  proceed,  such  reme¬ 
dial  works  would  most  likely  be  required  to  mitigate  flood  problems 
downstream  of  Montreal. 

3.4  Hydraulic  Considerations 

The  principal  hydraulic  considerations  utilized  in  studies  of  the  St. 
Lawrence  River  remedial  works  are  discussed  below. 

3.4.1  Assumptions 

In  determining  the  requirements  for  combined  Lakes  Erie  and  Ontario 
regulation,  the  following  assumptions  and  limitations  were  used: 

1.  The  remedial  works,  in  terms  of  channel  excavations,  would  provide 
sufficient  capacity  during  the  50-year  life  of  the  project; 


2.  The  remaining  life  of  existing  regulatory  and  power  facilities, 
with  proper  maintenance,  would  be  about  50  years; 


3.  The  general  flow  and  current  pattern  in  the  river  would  be  main¬ 
tained; 

4.  The  existing  ice  regime  would  be  maintained  in  the  system  and 
the  ice  booms  would  be  kept  in  operation; 
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5.  The  control  structure  at  Lachine  would  be  operable  all  year;  and 

6.  The  outflow  of  Lake  Ontario  would  be  regulated  In  accordance  with 
Plan  1958-D,  modified  to  the  extent  necessary  which  would  depend  on  the 
amounts  of  channel  enlargements.  Recent  studies  by  the  International 

St.  Lawrence  River  Board  of  Control  have  confirmed  that  It  Is  not  practical 
within  existing  physical  constraints  to  design  a  Lake  Ontario  regulation  plan 
which  would  meet  a11  IJC  criteria  and  other  requirements  under  the  maximum 
supply  received  to  date.  The  St.  Lawrence  River  Board  has  recommended  that 
Plan  1958-D,  with  discretionary  actions  such  as  those  used  in  the  past,  be 
continued  as  the  plan  of  regulation  of  Lake  Ontario. 

3.4.2  Ice  Problems 

Ice  problems  In  the  St.  Lawrence  can  in  general  be  related  to  the 
restrictive  effects  of  the  Ice  on  river  discharge,  the  magnitude  of  which 
varies  from  reach  to  reach  depending  on  the  configuration  and  hydraulic 
conditions  of  the  river.  For  example,  the  formation  of  ice  jams  (^stream 
of  a  generating  station  can  seriously  reduce  the  flow  to  the  turbines, 
resulting  In  a  loss  of  generated  power,  while  at  the  same  time  causing 
flooding  above  the  jam.  Therefore,  to  overcome  these  problems  the  formation 
of  a  stable  and  relatively  smooth  Ice  cover  early  In  winter  Is  an  Important 
factor.  The  use  of  floating  Ice  booms  Is  a  proven  method  of  establishing 
stable  Ice  cover.  Below  Montreal ,  the  problem  Is  somewhat  different  In  that 
the  aim  Is  to  maintain  an  open  channel  for  navigation  and  flood  prevention. 
One  of  the  attendant  difficulties  Is  to  keep  flushing  the  Ice  downstream 
through  areas  where  flow  velocities  are  low. 

At  the  present  time,  the  only  measures  taken  to  control  Ice  In  the  St. 
Lawrence  between  Lake  Ontario  and  Montreal  relate  to  the  requirements  of 
hydroelectric  power  development  at  the  Saunders-Moses  plants  and  the 
Beauharnols-Cedars  complex.  In  the  International  Reach,  the  first  booms 
were  placed  at  the  beginning  of  the  1959-1960  winter  period  and  an  additional 
boom  was  Installed  a  year  later.  The  overall  layout  of  the  booms  has 
remained  unchanged  since  the  winter  of  1961-1962  and  consists  of  a  boom 
across  the  river  at  Ogdensburg-Prescott ,  a  short  section  at  Chimney  Point, 
and  four  booms  In  the  Galop  Reach.  Ice  booms  are  at  present  utilized  In  two 
areas  In  the  Canadian  Reach.  Booms  are  placed  each  winter  In  the  Beauharnols 
Canal  by  Hydro-Quebec,  and  In  the  St.  Lawrence  River  downstream  of  Montreal 
by  the  Ministry  of  Transport.  Artificial  islands  to  stabilize  Ice  cover  have 
been  recently  placed  In  Lake  St.  Louis  to  mitigate  Ice  jam  problems. 
Downstream  of  Montreal,  where  the  emphasis  Is  on  maintaining  an  open  channel 
for  flood  control  and  navigation,  systematic  Icebreaking  operations  provide 
the  main  control.  Some  experimental  work  with  Ice  booms  is  also  being 
conducted. 

3.4.3  Methodology 

intorruitional  Reach-,  In  order  to  estimate  the  channel  enlargements 
required  to  discharge  a  wide  range  of  Lake  Ontario  outflows,  an  unsteady- 
state  mathematical  model  was  used  for  the  upper  St.  Lawrence  River  from  Lake 
Ontario  to  Cornwall -Massena.  Figure  B-44  shows  the  location  of  this  area. 
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The  model  computes  the  water  surface  profile,  velocities,  etc.,  resulting 
from  various  assumed  extents  of  channel  enlargements.  The  model,  designed 
and  calibrated  by  the  Great  Lakes  Environmental  Research  Laboratories  of  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA),  is  capable  of  simula¬ 
tion  on  varying  time  Increments  and  Includes  flow  under  ice-covered,  as  well 
as  open-water,  conditions. 

The  objective  in  developing  this  mathematical  model  was  to  evaluate 
water  surface  changes  due  to  channel  dredging,  changing  ice  covers,  and  the 
effect  of  extending  the  navigation  season  on  the  St.  Lawrence  River.  In  this 
study,  the  model  was  used  to  estimate  the  nature  and  extent  of  channel  exca¬ 
vation  required  to  meet  the  hydraulic  requirements  of  any  given  combined 
Lakes  Erie  and  Ontario  regulation  plan.  For  any  given  excavation  alterna¬ 
tive,  the  model  was  used  to  determine  the  resulting  water  surface  elevations 
and  average  channel  velocities  at  strategic  locations  along  the  river. 

The  section  of  the  St.  Lawrence  River  simulated  by  the  NOAA  model 
extends  from  Lake  Ontario  to  the  Moses-Saunders  Power  Dam  near  Cornwall, 
Ontario-Massena,  New  York.  A  detailed  description  of  the  model,  its 
development  and  calibration,  etc.,  are  contained  in  NOAA's  Technical 
Memorandum  ERL  GLERL-24  Upper  St.  Lawrence  River  Hydraulic  Transient  Model, 
October  1978.  The  following  is  a  brief  description  of  the  model. 

The  configuration  in  the  model  consists  of  30  reaches  interrelated  by 
21  intersection  or  nodal  points.  Each  reach  is  assumed  prismatic  with  its 
own  physical  characteristics  of  length,  width,  wetted  area,  wetted  peri¬ 
meter,  and  bed  roughness.  Input  to  the  model  consists  of  the  initial  stage 
and  flow  conditions  along  the  river,  the  respective  channel  roughness 
coefficients,  ice-cover  roughness  coefficients,  and  ice  thickness  for  all 
the  reaches.  A  net  total  supply  (NTS)  hydrograph  or  water  level  l\ydrograph 
is  allowable  input  as  upstream  boundary  conditions.  Downstream  boundary 
conditions  include  a  discharge  or  water  level  hydrograph  at  the  powerhouse. 

Because  plans  of  regulation  were  selected  subsequent  to  study 
commencement,  a  range  of  channel  excavations  which  would  likely  encompass 
those  of  the  selected  Lakes  Erie  and  Ontario  regulation  plans  was  simulated. 
Section  3.5.2,  Channel  Enlavgementat  describes  in  detail  how  the  amounts  to 
be  excavated  were  estimated. 

Canadian  Reach:  For  Lake  Erie  regulation  plans  designed  to  increase 
discharges  which  in  turn  would  permit  increased  Lake  Ontario  outflows,  chan¬ 
nel  enlargement  at  Lachine  Rapids  would  be  required  to  mitigate  flooding  of 
lands  adjacent  to  Lake  St.  Louis.  A  compensating  structure  at  Lachine  might 
also  be  necessary  to  offset  the  effect  of  channel  enlargement  during  perils 
of  lower  flows.  Figure  B-45  shows  the  location  of  the  Lachine  Rapids  area. 

Because  plans  of  regulation  were  initially  not  available,  alterations 
for  a  range  of  Lake  St.  Louis  level  and  outflow  conditions  had  to  be 
considered.  Section  3.5.3,  Channel  Enlargementat  describes  in  detail  how  the 
amounts  of  excavation  required  for  regulation  plans  were  estimated. 
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Lachine  Rapids  Area  of  the  St.  Lawrence  River  -  Location  Map 


The  analysts  consists  of  determining  the  additional  channel  area  of  the 
river  needed  to  carry  the  Increased  discharge  at  the  same  level  of  Lake 
St.  Louis  as  for  an  outflow  of  390,000  cfs.  This  flow  Is  considered  as  the 
base  flow  and  corresponds  to  an  elevation  72.2  feet,  I6LD  (195S),  or  72.5 
feet,  G.S.C.  at  Point  Claire  Gauge.  Flood  damage  begins  when  this  level  Is 
exceeded.  The  procedure  was  essentially  trial  and  error  using  the  HEC-2 
backwater  analysis  from  the  bottom  of  Lachine  Rapids  to  Lake  St.  Louis  with 
different  dredging  dimensions  at  certain  locations  until  the  particular  level 
condition  was  satisfied.  Much  information  with  respect  to  optimum  areas  for 
dredging  was  available  from  earlier  Canada-Quebec  flood  studies  of  the 
Montreal  area.  Also  from  the  Canada-Quebec  study.  It  was  determined  that  the 
most  effective  way  to  maintain  low  lake  levels  In  their  present  range  was  by 
Isolating  the  upstream  dredged  area  by  an  In-river  dike  and  control  structure 
at  the  head  of  the  dredged  channel.  This  would  enable  all  the  flow  to  be 
passed  down  the  remaining  river  channel  when  necessary.  The  hydraulic  analy¬ 
sis  for  this  low  level  condition  consists  of  assessing  the  length  of  dike 
which  would  cause  the  low  level  on  the  lake  to  be  restored  to  natural,  thus 
negating  the  effect  of  the  Increased  river  area  by  dredging.  It  remained 
also  to  verify  high  water  conditions  once  the  dike  length  was  determined  by 
apportioning  flows  through  the  dredged  and  river  channel,  and  checking  the 
lake  levels. 

3.5  Design  and  Cost  Estimates 

Common  design  criteria  were  used  throughout  the  design  process  In  order 
that  a  valid  comparison  of  cost  could  be  made  between  the  various  remedial 
alternatives  under  study.  All  depths  and  heights  given  are  In  feet;  all 
elevations  are  referred  to  the  International  Great  Lakes  Datum  (1955). 

3.5.1  Topographic  and  Geotechnical  Characteristics 

Channel  excavation  In  the  International  Reach  of  the  St.  Lawrence 
River  would  extend  from  Ogdensburg,  New  York  to  Morrisburg,  Dntarlo,  a 
distance  of  about  20  miles.  While  the  amount  of  channel  enlargement  varies 
depending  on  the  required  Increase  In  channel  capacity,  the  locations  of 
dredging  are  generally  the  same.  Information  on  dredged  material  Is  based  on 
borings  taken  In  the  1950 's  by  Ontario  Hydro,  U.  S.  Army  Corps  of  Engineers, 
and  the  Power  Authority  of  the  State  of  New  York  In  connection  with  the 
development  of  the  Seaway  and  Power  Project.  The  material  to  be  excavated  Is 
glacial  till  overburden  consisting  of  mostly  fine  and  coarse  sand,  grey  clay* 
boulders,  and  gravel.  The  underlying  bedrock  Is  classified  as  Beekmantown 
Dolomite. 

Channel  excavation  In  the  Canadian  Reach  of  the  St.  Lawrence  River  Is 
limited  to  the  Lachine  Rapids  area.  The  material  to  be  excavated  Is  believed 
to  be  limestone  and,  for  the  purposes  of  cost  estimates,  all  excavation  was 
assumed  Into  rock.  For  more  detailed  design  Information,  extensive  test 
borings  would  be  necessary. 
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3.5.2  International  Reach 


iiydmulia  Doaigm  As  Stated  In  Section  3.2.1,  the  channel  modifications 
made  in  the  river  during  the  Seaway  and  Power  Project  development  were 
designed  to  provide  velocities  in  the  navigation  channel  not  exceeding  4  feet 
per  second  (fps)  during  the  navigation  season  or  2.25  fps  during  the  ice  for¬ 
mation  period.  It  should  be  noted,  however,  that  these  channel  design  velo¬ 
cities  are  currently  exceeded  in  some  areas  of  the  shipping  channel  under 
existing  flow  conditions.  Therefore,  any  channel  enlargements  to  accommodate 
limited  Lake  Erie  regulation  should  not  produce  higher  flow  velocities  than 
those  which  presently  occur.  In  other  words,  the  resulting  average  velocity 
in  any  cross  section  of  the  navigation  channel  should  not  be  increased. 

Based  on  this  rationale,  channel  excavation  quantities,  adjacent  to  the  navi¬ 
gation  channel,  were  computed  to  handle  the  ^ditional  discharges  at  4  fps. 
Although  these  velocities  are  not  expected  adjacent  to  the  shore  or  channel 
banks,  they  would  induce  the  required  capacity  in  adjacent  portions  of  the 
river  cross  sections.  Under  various  defined  channel  enlargements,  the  NOAA 
mathematical  model  was  used  to  compute  the  resulting  water  surface  profiles 
and  channel  velocities.  Sufficient  computations,  using  a  wide  range  of  Lake 
Ontario  outflows,  were  performed  to  define  the  modified  outflow  limitation 
curves. 

To  present  a  range  of  hydraulic  conditions  that  might  result  from 
combined  Lakes  Erie  and  Ontario  regulation,  five  channel  excavation  alterna¬ 
tives  in  the  International  Reach  of  the  St.  Lawrence  were  examined.  These 
alternatives  are  described  in  Table  B-7. 


B-91 


Table  B-7  -  Excavation  Alternatives  in  the  International 
Reach  of  the  St.  Lawrence  River 


Excavation 

Alternative 

Description  of  Excavation  Alternative 

Total  Estimated 
Excavation  Volune 
(millions  of 
cubic  yards) 

1 

Excavation  from  Chimney  Point  to  Morrisburg, 
adjacent  to  the  navigation  channel  and  to 
permit  a  flow  increase  of  10,000  cfs  at  Lake 
Ontario  elevations  above  244.5  feet  IGLD 
(1955) 

7.5 

2 

Excavation  from  Chimney  Point  to  Morrisburg, 
adjacent  to  the  navigation  channel,  and  to 
permit  a  flow  increase  of  20,000  cfs  at  Lake 
Ontario  elevations  above  244.5  feet  IGLD 
(1955) 

15.0 

3 

Excavation  from  Chimney  Point  to  Morrisburg, 
adjacent  to  the  navigation  channel,  and  to 
permit  a  flow  increase  of  30,000  cfs  at  Lake 
Ontario  elevations  above  244.5  feet.  IGLD 
(1955) 

22.2 

4 

Excavation  and  hydraulic  capacity  as  per 
alternative  2  but  with  channel  excavation 
in  the  Galop  and  Ogden  Island  areas  located 
in  the  channels  on  the  south  side  of  these 
Islands  rather  than  adjacent  to  the  north 
side  navigation  channels. 

20.0 

5 

Excavation  similar  to  alternative  2  but 
limited  to  the  Iroquois  Dam  to  Morrisburg 
reach  adjacent  to  the  navigation  channel. 

This  will  permit  flow  increases  up  to 

20,000  cfs  at  Lake  Ontario  elevations  above 
245.7  feet  IGLD  (1955) 

4.9 
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The  fourth  alternative  mentioned  above  was  considered  since  It  was 
expected  that  Interference  with  navigation  could  be  reduced,  although  1t 
would  require  more  channel  enlargement  when  compared  to  the  second 
alternative.  The  fifth  alternative  assumes  that  the  additional  channel  capa¬ 
city  would  be  required  at  a  higher  Lake  Ontario  elevation. 

Figure  B-46  shows  the  relationship  between  the  amounts  of  channel  exca¬ 
vation  and  river  flow  Increases.  The  effect  of  the  above  five  excavation 
alternatives  on  maximum  Lake  Ontario  outflow  limitations  are  as  depicted  In 
Figure  B-47.  The  locations  of  the  channel  enlargement  are  shown  In  Figure 
B-48.  Each  of  the  five  excavation  alternatives  Is  expected  to  have  no  effect 
on  the  existing  minimum  draft  conditions  In  the  Seaway.  It  Is  recognized 
that  operation  of  the  Iroquois  Dam  will  be  required  on  a  more  frequent  basis 
than  Is  currently  the  case,  as  these  channel  modifications  would  otherwise 
cause  Increased  Lake  St.  Lawrence  levels. 

The  excavation  alternatives  listed  above  would  have  varying  effects  on 
the  existing  head- loss  relationship  for  the  river  from  Lake  Ontario  to  the 
Saunders-Moses  Powerhouse.  In  order  to  define  more  accurately  the  hydraulic 
effect  and  costs  of  these  excavation  alternatives.  It  would  be  necessary  to 
employ  more  sophisticated  and  elaborate  mathematical  and  1\ydraul1c  model 
studies  of  this  reach  of  the  river. 

Channel  Enlavgemente:  As  Indicated  In  the  preceding  section,  Hydraulia 
Design,  five  excavation  alternatives,  providing  various  capacity  Increases, 
were  examined.  This  section  describes  the  procedure  In  determining  the 
required  channel  excavation  to  accommodate  Lakes  Erie  and  Ontario  regulation. 
It  also  describes  the  procedure  In  determining  the  required  channel  excava¬ 
tion  required  by  the  adjusted  basis-of -comparison. 

Since  the  completion  of  the  St.  Lawrence  Seaway  and  Power  Project  In 
1959,  the  outflow  of  Lake  Ontario  has  been  completely  regulated.  All  channel 
enlargements,  as  approved  by  the  Governments  of  Canada  and  the  United  States 
in  1955,  were  designed  to  give  a  maximum  mean  velocity  In  any  cross  section 
of  the  navigation  channel  not  exceeding  4  feet  per  second  during  the  naviga¬ 
tion  season  and  2.25  feet  per  second  during  the  Ice  formation  period  In  the 
winter  to  minimize  the  difficulties  of  power  generation.  Plan  of  Regulation 
12-A-9  was  specified  In  the  IJC  Order  of  Approval  to  be  used  as  a  basis  for 
calculating  critical  profiles  and  designing  channel  excavations.  All  excava¬ 
tions  were  designed  to  cope  with  the  highest-known  supply  conditions  during 
the  period  1860-1954. 

The  present  regulation  plan  used  to  regulate  Lake  Ontario  outflow  Is 
Plan  1958-0.  It  was  designed  In  1963  to  satisfy  the  IJC  criteria  and  other 
requirements  that  have  been  established  to  protect  or  to  provide  benefits 
to  the  various  Interests  concerned.  Similar  to  Plan  12-A-9,  Plan  1958-0  was 
also  tested  over  the  period  1860-1954  to  assess  the  degree  to  which  It  satis¬ 
fied  the  IJC  criteria  and  other  requirements. 

Limited  regulation  of  Lake  Erie  would  alter  the  sequence  and  the 
magnitude  of  supplies  to  Lake  Ontario.  Since  the  regulated  Lake  Erie  outflow 
would  be  higher  than  that  under  the  basis-of-comparison  during  high  supply 
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FIGURE  B-47 


Excavation  Alternatives. 


Location  Map  of  Channel  Enlargement  in  the  International  Reach  of 
the  St.  Lawrence  River 


periods.  Lake  Ontario  levels  would  increase  unless  provisions  were  made  to 
discharge  the  additional  water  down  the  St.  Lawrence  River.  To  maintain 
existing  water  level  profiles  under  increased  Lake  Ontario  outflow  condi¬ 
tions  and  not  exceed  existing  maximum  flow  velocities  in  the  navigation 
channels,  dredging  would  be  required  in  certain  reaches  of  the  river.  It 
should  be  noted  that  channel  design  velocities  are  currently  exceeded  in 
some  areas  of  the  shipping  channel  under  existing  flow  conditions.  During 
the  high  supply  period  of  the  early  1970's,  the  maximum  velocity  requirement 
was  often  exceeded  for  sustained  periods  of  time  in  order  to  discharge 
outflows  higher  than  the  channel  was  designed  for.  For  the  purpose  of  this 
study,  it  was  considered  that  any  limited  Lake  Erie  regulation  should  not 
produce  more  critical  conditions  on  the  St.  Lawrence  River  than  those  of  Plan 
12-A-9. 

The  adjusted  basi s-of-comparison  was  developed  under  Category  3  in  order 
to  define  channel  excavations  that  would  be  necessary  to  accommodate  the 
recorded  supplies  for  the  study  period  1900-1976  and  satisfy  the  IJC's  cri¬ 
teria  for  the  regulation  of  Lake  Ontario.  Plan  1958-D  would  be  modified  to 
take  advantage  of  such  excavations.  Furthermore,  Plans  6L,  15S,  and  25N 
under  Category  3  were  developed  to  define  the  channel  excavations  that  would 
be  necessary  to  accommodate  the  combined  Lakes  Erie  and  Ontario  regulation. 
Plan  1958-0  would  also  be  modified.  The  differences  between  the  two  quan¬ 
tities  of  excavation  would  represent  the  incremental  excavations  required 
solely  for  limited  regulation  of  Lake  Erie.  The  development  of  Category  3 
adjusted  basi s-of-comparison  and  Lakes  Erie  and  Ontario  regulation  plans  is 
described  in  Appendix  A,  Lake  Regulation,  and  Section  4.6  of  the  Main  Report. 

Figure  B-49  shows  the  Lake  Ontario  envelope  curves  for  the  open  water 
condition  under  the  three  Lake  Erie  regulation  plans;  Plans  6L,  15S,  and 
25N  as  well  as  the  adjusted  basi s-of-comparison.  These  envelopes  are  based 
on  monthly  Lake  Ontario  water  levels  versus  outflows.  Also  plotted  on  this 
figure  is  the  envelope  curve  for  Plan  12-A-9. 

Plan  12-A-9  shows  that  the  critical  point  occurs  at  a  Lake  Ontario  stage 
of  244.33  feet  and  an  outflow  of  296,000  cfs.  Based  on  past  experience, 
power  operation  difficulties  would  be  encountered  at  a  Lake  Ontario  elevation 
of  about  244.33-244.35  feet.  Figure  B-49  shows  that  at  this  elevation,  the 
adjusted  basi s-of-comparison  as  well  as  Plan  6L  would  both  require  an  addi¬ 
tional  capacity,  over  that  of  Plan  12-A-9  of  about  4,000  cfs.  Plan  15S  would 
require  an  additional  capacity  of  about  6,000  cfs,  or  an  additional  2,000  cfs 
over  that  for  the  adjusted  basi s-of-comparison  or  Plan  6L.  Plan  25N  would 
require  an  additional  capacity  of  about  5,000  cfs  or  an  additional  1,000  cfs 
over  that  for  the  adjusted  basi s-of-comparison  or  Plan  6L.  Figure  B-48  shows 
the  locations  where  channel  excavation  would  be  necessary. 

It  should  be  noted  that  detailed  engineering  studies  would  be  necessary 
to  determine  v4\ether  or  not  elevation  244.33  feet  would  still  be  the  critical 
level.  Preliminary  estimates  have  indicated  that  higher  Lake  Ontario 
outflows  at  higher  Lake  Ontario  stages  would  not  cause  any  worse  condition  to 
the  existing  river  profile.  If  a  higher  Lake  Ontario  stage,  and  hence 
outflow  become  more  critical,  then  higher  capacities  would  be  required.  It 
should  also  be  noted  that  the  envelopes  have  all  been  prepared  using  monthly 
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LAKE  ONTARIO  ENVELOPE  CURVES  FOR  THE  OPEN  WATER  CONDITION  UNDER 
THE  ADJUSTED  BASIS -OF- COMPARISON  AND  PLANS  6L.  15$,  AND  25N 


values.  This  procedure  has  excluded  the  quarter-monthly  values  which,  if 
used,  would  call  for  higher  capacity  increases. 

i‘r‘otci‘tron  Works:  Since  channel  excavations  would  be  mostly  con¬ 
fined  to  the  shallow  shoal  areas,  shore  protection  was  considered  not 
necessary  except  for  the  areas  at  Galop  and  Ogden  Islands.  No  estimates  have 
been  made  in  this  study  for  such  shore  protection  works. 

t’oiU  Ki'.Umutor.:  Construction  effort  relates  mostly  to  dredging  in  the 
river.  The  material  to  be  dredged  is  assumed  to  be  mostly  glacial  till,  con¬ 
sisting  of  sand,  gravel,  and  boulders.  As  discussed  in  the  section  above, 
I'hannol  h:nl<ir‘<j<;montrt^  the  additional  channel  capacity  required  in  the 
International  Reach  of  the  St.  Lawrence  River  is  4,000  cfs  for  the  adjusted 
basi s-of-comparison  and  Plan  6L;  6,000  cfs  for  Plan  15S  and  5,000  cfs  for 
Plan  25N.  These  would  require  excavation  of  about  3,  3.8,  and  4.5  million 
cubic  yards,  respectively  (Figure  B-46). 

Cost  estimates  for  the  remedial  alternatives  were  based  on  unit  costs 
exfiected  on  similar  dredging  projects  in  that  part  of  the  St.  Lawrence  River 
expressed  on  July  1979  price  levels.  This  includes  the  transportation  and 
disposal  on  land  of  the  dredged  material.  It  was  assumed  that  dry  land 
disposal  areas  would  be  available.  These  costs  were  escalated  by  a  25  per¬ 
cent  contingency  allowance  to  obtain  the  total  direct  costs.  Indirect  costs, 
which  include  allowance  for  detailed  investigations,  foundation  and  geolog¬ 
ical  exploration,  engineering  designs,  construction  supervision  and  adminis¬ 
tration,  were  estimated  at  15  percent  of  the  total  direct  costs  and  added 
to  obtain  the  total  estimated  first  cost.  To  this  was  added  interest  during 
construction  calculated  by  applying  interest  at  8-1/2  percent  for  one-half 
the  estimated  construction  period  to  obtain  the  total  investment  cost.  For 
the  adjusted  basi s-of-comparison  and  Lake  Erie  Plans  6L,  15S,  and  25N,  exca¬ 
vation  in  the  International  Reach  of  the  St.  Lawrence  River  would  require 
about  2  years. 

Annual  cost  as  considered  here  includes  all  annual  costs  occurring 
after  activation  of  a  project  and  is  the  sum  of  the  finance  costs  and 
operation  and  maintenance  costs. 

The  method  used  to  estimate  each  of  these  factors  is  described  below: 

1.  Finance  costs  were  calculated  on  an  economic  project  life  of  50 
years  and  include  interest  and  amortization.  The  annual  payments  provide  for 
payment  of  interest  and  a  sinking  fund  to  retire  the  debt  in  the  timeframe  of 
50  years.  An  interest  rate  of  8-1/2  percent  was  used. 

2.  Operation  and  maintenance  costs  were  estimated  by  applying  per¬ 
centage  factors  to  the  direct  cost  of  the  items.  Because  of  minimum  main¬ 
tenance  expected  in  the  excavated  channel,  the  applicable  factor  on  this 
expense  was  0.26  percent.  This  cost  includes  the  cost  of  administration  and 
general  expense. 

Present  worth  for  each  of  the  excavation  alternatives  was  also  calcu¬ 
lated  based  on  a  50-year  economic  project  life  and  the  investment  cost 


discussed  earlier.  The  present  worth  of  the  annual  operation  and  maintenance 
costs  was  added  to  the  Investment  cost  to  determine  the  total  present  worth 
of  each  alternative.  Table  B-8  shows  the  cost  estimates  of  the  required 
remedial  measures  In  the  International  Reach  of  the  St.  Lawrence  River. 

3.5.3  Canadian  Reach 

Hydraulic  Deeign:  To  present  a  range  of  channel  enlargements  at  Lachine 
Rapids  that  would  be  required  to  mitigate  flooding  In  Lake  St.  Louis,  four 
remedial  alternatives  In  the  Canadian  Reach  of  the  St.  Lawrence  were 
examined.  A  compensating  structure  at  Lachine  was  also  considered  to  offset 
the  effect  of  channel  enlargement  at  low  flows. 

For  the  hydraulic  analyses  required  to  establish  construction  estimates, 
the  following  criteria  were  used: 

1.  The  flooding  level  on  Lake  St.  Louis  was  taken  as  elevation  72.2 
feet,  IGLD  (1955)  at  Pointe  Claire  gauge.  This  corresponds  to  an  outflow 
from  Lake  St.  Louis  of  390,000  cfs  and,  from  the  best  Information  available. 
Is  the  level  at  which  flood  damage  begins.  This  then  Is  considered  the 
base  flow. 

2.  Analysis  and  cost  estimate  for  flow  Increases  of  up  to  50,000  cfs 
(above  390,000  cfs)  were  made  to  provide  data  for  a  cost  versus  capacity 
Increase  curve. 

3.  A  low  flow  value  of  220,000  cfs  was  used  for  low  flow  conditions 
In  the  evaluation. 
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Table  B-8  -  St.  Lawrence  River  Area  Remedial  Works  -  Summary  of 
Discharge  Capacities  and  Cost  Estimates  for  SelMted 
Lake  Erie  Regulation  Plans 


Increase  in 

(millions  of  dollars) 

Di  scharge 

Average 

Capacities 

First 

Annual 

Present 

Alternatives 

(cfs) 

Cost 

Costs 

Worth 

International 

Plan  6L 

4,000 

30.0 

2.9 

33.6 

Plan  15S 

6,000 

45.0 

4.3 

50.2 

Plan  25N 

5,000 

38.0 

3.4 

39.1 

Adjusted  Basis-of-Comparison 

4,000 

30.0 

2.9 

33.6 

Canadian 

Plans  6L,  15S,  and  25N  and 
Adjusted  Basis-of  Comparison 

15,000 

41.9 

4.0 

46.5 

Total  (International  A  Canadian} 

■HIIHH 

Plan  6L 

71.9 

80.1 

Plan  15S 

86.9 

96.7 

Plan  25N 

79.9 

85.6 

Adjusted  Basis-of-Comparison 

71.9 

80.1 

y  Cost  estimates  are  based  on  July  1979  price  levels,  a  50-year  economic 
life,  and  an  8-1/2  percent  interest  rate. 
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Details  of  the  analysis  for  the  discharges  considered  are  as  folloMS: 

1.  Alternative  1.  Flow  Increase  of  50,000  cfs  for  a  total  of  440,000 

cfs. 

2.  Alternative  2.  Flow  Increase  of  35,000  cfs  for  a  total  of  425,000 

cfs. 

3.  Alternative  3.  Flow  Increase  of  20,000  cfs  for  a  total  of  410,000 

cfs. 

4.  Alternative  4.  Flow  Increase  of  15,000  cfs  for  a  total  of  405,000 

cfs. 

It  was  considered  that  no  control  structure  would  be  necessary  for  the 
maintenance  of  lake  levels  at  low  flow  under  Alternatives  3  and  4  above  as 
the  lowering  would  be  very  small. 

The  amount  of  channel  capacities  versus  excavation  quantities  are 
plotted  In  Figure  B-50.  The  location  of  the  excavation  for  each  alternative 
Is  shown  In  Figure  B-51. 

Channel  Enlargement  a-.  One  of  the  requirements  for  Lake  Ontario  regula¬ 
tion  Is  that  the  downstream  riparian  Interests  should  not  experience  any 
worse  condition  under  regulation.  Thus,  the  maximum  Lake  Ontario  outflow 
limitation,  termed  P-Llmitatlon,  was  Incorporated  Into  Plan  1958-D  to  control 
the  deviation  of  the  regulation  outflows  from  those  outflows  which  would 
occur  under  pre-project  (without  Lake  Ontario  regulation)  conditions.  Under 
Category  3  study.  It  was  noted  that  Increasing  the  P-Llmitatlon  by  15,000  cfs 
In  all  three  selected  Lake  Erie  regulation  plans  would  satisfy  the  IJC 
requirements  for  the  regulation  of  Lake  Ontario.  The  amount  of  excavation 
required  corresponding  to  this  Increase  In  channel  capacity  would  be  about  1 
million  cubic  yards.  All  removed  material  was  assuned  to  be  sedimentary 
rock.  No  control  structure  was  considered  necessary  to  offset  the  lowering 
effect  during  low  supply  conditions. 

Shore  Proteation  Vovka:  Since  channel  excavation  would  be  confined  to 
the  shallow  rapids  area,  shore  protection  was  considered  not  necessary. 

Coat  Eatimatea:  The  major  part  of  the  construction  effort  relates  to 
dredging  of  sedimentary  rock.  Unit  costs  of  concrete,  earthflll,  excavation, 
etc.,  affecting  the  control  structure  costs  have  been  based  In  part,  on 
figures  used  for  previous  Montreal  flood  studies.  They  have  been  updated 
according  to  a  Canadian  ENR  Index  from  December  1974  to  December  1977  by  a 
conversion  factor  of  1.45.  They  were  further  updated  to  July  1979  by  a  con¬ 
version  factor  of  1.20. 

The  costs  computed  were  escalated  by  a  25  percent  contingency  allowance 
to  obtain  the  total  direct  costs.  Indirect  costs,  which  Include  allowance 
for  detailed  Investigations,  foundation  and  geological  exploration, 
engineering  designs,  construction  supervision  and  administration,  were 
estimated  at  15  percent  of  the  total  direct  costs  and  added  to  obtain  the 
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15,000  Cfs  Al 


total  estimated  first  cost.  To  this  was  added  interest  during  construction 
calculated  by  applying  interest  at  8-1/2  per  cent  for  one-half  the  estimated 
construction  period  to  obtain  the  total  investment  cost.  For  capacity 
increases  of  50,000  cfs  and  35,000  cfs,  this  was  considered  as  3  years.  For 
capacity  increases  of  20,000  cfs  and  15,000  cfs,  this  was  considered  2  years. 

Annual  cost  includes  all  annual  costs  occurring  after  activation  of  a 
project  and  is  the  sum  of  the  finance  costs  and  operation  and  maintenance 
costs. 

The  method  used  to  estimate  each  of  these  factors  is  described  below: 

1.  Finance  costs  were  calculated  on  an  economic  project  life  of  50 
years  and  include  interest  and  amortization.  The  annual  payments  provide  for 
payment  of  Interest  and  a  sinking  fund  to  retire  the  debt  in  the  timeframe  of 
50  years.  An  interest  rate  of  8-1/2  percent  was  used. 

2.  Operation  and  maintenance  costs  were  estimated  by  applying  per¬ 
centage  factors  to  the  direct  cost  of  the  items.  Operation  and  maintenance 
costs  include  interim  replacement  costs,  administration,  and  general  expense. 
Interim  replacement  costs,  when  required,  were  computed  on  those  items  which 
would  normally  be  considered  as  replaceable  before  the  end  of  the  project 
life.  Replaceable  equipment  and  facilities  include  gates,  gate  hoists, 
stoplogs,  and  appurtenances.  Because  of  minimum  maintenance  expected  in  the 
excavation  channel,  a  factor  of  0.26  percent  was  used  for  excavation  only 
with  Alte  latives  3  and  4.  When  interim  replacements  were  required  with 
Alternatives  1  and  2,  a  factor  of  0.28  percent  was  used. 

Present  worth  for  each  of  the  excavation  alternatives  was  also  calcu¬ 
lated  in  a  similar  manner  as  that  described  in  Section  3.5.2, 

As  stated  above,  a  capacity  increase  of  15,000  cfs  (Alternative  4)  would 
satisfy  the  IJC  requirements  for  the  regulation  of  Lake  Ontario  as  well  as 
limited  regulation  of  Lake  Erie  under  Plans  6L,  IBS,  or  25N.  This  increase 
would  also  accommodate  the  adjusted  basis-of-comparison.  The  cost  estimate 
for  this  increase  is  shown  in  Table  8-8. 

3.6  Remedial  Works  Required  for  Selected  Regulation  Plans 

As  previously  stated  in  Section  3.5,  excavation  would  be  required  in 
both  the  International  and  Canadian  Reaches  of  the  St.  Lawrence  River  to 
accommodate  a  combined  Lakes  Erie  and  Ontario  Regulation  Plan.  The  following 
is  a  summary  of  the  discharge  capacities  and  costs  of  these  remedial  works. 

In  order  to  accommodate  the  adjusted  basis-of-comparison  or  Plan  6L,  an 
additional  capacity  of  4,000  cfs  In  the  International  Reach  of  the 
St.  Lawrence  River  would  be  required.  The  first  cost  of  the  excavation  is 
about  $30.0  million.  The  corresponding  annual  cost,  after  adjustment  for 
finance,  and  operation  and  maintenance,  is  about  $2.9  million.  Discharge 
capacities  and  a  cost  summary.  Including  first  costs,  annual  costs,  and  pre¬ 
sent  worth,  are  shown  in  Table  B-8. 
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Plan  15S  would  require  an  additional  capacity  of  6,000  cfs  In  the 
International  Reach  of  the  St.  Lawrence  River.  The  first  cost  of  the  excava¬ 
tion  Is  about  $45.0  million.  The  corresponding  annual  cost,  after  adjustment 
for  finance,  and  operation  and  maintenance.  Is  about  $4.3  million.  Discharge 
capacities  and  a  cost  summary.  Including  first  costs,  annual  costs,  and  pre¬ 
sent  worth,  are  shown  In  Table  B-8. 

Plan  25N  would  require  an  additional  capacity  of  5,000  cfs  In  the 
International  Reach  of  the  St.  Lawrence  River.  The  first  cost  of  the  excava¬ 
tion  Is  about  $38.0  million.  The  corresponding  annual  cost,  after  adjustment 
for  finance,  and  operation  and  maintenance.  Is  about  $3.4  million.  Discharge 
capacities  and  a  cost  summary.  Including  first  costs,  annual  costs,  and  pre¬ 
sent  worth,  are  shown  In  Table  B-8. 

At  the  Lachine  Rapids  area,  west  of  Montreal,  all  three  Lake  Erie 
regulation  plans  under  Category  3  would  require  an  additional  capacity  of 
about  15,000  cfs.  The  first  cost  of  the  excavation  Is  about  $42.0  million. 
The  corresponding  annual  cost,  after  adjustments  for  finance,  and  operation 
and  maintenance  costs,  Is  estimated  to  be  about  $4.0  million.  Discharge 
capacities  and  a  cost  summary.  Including  first  cost,  annual  cost,  and  present 
worth,  are  shown  In  Table  B-8. 

The  following  Is  a  summary  of  the  relative  discharge  capacities  and  com¬ 
bined  costs  of  remedial  works  In  the  International  and  Canadian  Reaches  of 
the  St.  Lawrence  River.  The  total  first  costs,  based  on  July  1979  price 
levels,  are  $72  million  for  the  adjusted  basis-of-comparlson  and  Plan  6L,  $87 
million  for  Plan  15S,  and  $80  million  for  Plan  25N.  The  corresponding  annual 
costs  are  $6.9  million  for  the  adjusted  basis-of-comparlson  and  Plan  6L,  $8.3 
million  for  Plan  15S,  and  $7.4  million  for  Plan  25N.  Table  B-8  provides  a 
cost  summary  of  remedial  works  In  the  St.  Lawrence  River. 

Tables  B-9,  B-10,  B-11,  and  B-12  show  a  time  profile  of  all  undiscounted 
and  discounted  project  costs  In  each  year  of  occurrence  over  the  assumed 
50-year  economic  project  life  of  each  of  the  limited  regulation  of  Lake  Erie 
plans  and  the  adjusted  basis-of-comparlson. 
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Table  B-9  -  Regulation  Plan  6L  and  the  Adjusted  BasIs-of-Comparlson  -  Project 
Cost  Time  Profile  for  International  Reach  of  the  St.  Lawrence  River 


Item 

Year 

Undiscounted 
Project  Costl/ 

Investment  Cost 

Operation  and  Maintenance  Cost 

1 

$ 

$32,600,000 

80,000 

Operation  and  Maintenance  Cost 

5 

80,000 

Operation  and  Maintenance  Cost 

10 

80,000 

Operation  and  Maintenance  Cost 

15 

80,000 

Operation  and  Maintenance  Cost 

20 

80,000 

Operation  and  Maintenance  Cost 

25 

80,000 

Operation  and  Maintenance  Cost 

30 

80,000 

Operation  and  Maintenance  Cost 

35 

80,000 

Operation  and  Maintenance  Cost 

40 

80,000 

Operation  and  Maintenance  Cost 

45 

80,000 

Operation  and  Maintenance  Cost 

50 

80,000 

Present  Worth 

blscounted 
Project  Cost-v 

$32,600,000 

73,733 

67,956 

62,633 

57,726 

53.204 

- - 

45,194 

41,654 

38,390 

35.383 


■3?:?Tr 

30,056 

27,702 

25.531 

23.531 
"21 1688 

19,989 

18,423 

16,980 

15.649 


13,293 

12,252 

11,292 

10.408 

“9,W 

8,841 

8,148 

7,510 

6.921 


5,879 

5,419 

4,994 

4.603 

3,910 

3.604 
3,321 
3.061 


2,600 

2,397 

2,209 

2.036 


1,876 
1,729 
1,594 
1,469 
1.354 
133,525  246 


I”-’"  50->e«r  •ccwnlc 

project  life  and  an  8-1/2  percent  Interest  rate. 
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Table  B-10  -  Regulation  Plan  15S  -  Project  Cost  Time  Profile  for 
International  Reach  of  the  St.  Lawrence  River 


Item 

Year 

Undiscounted 
Project  Cost!/ 

D1 scounted 
Project  Costl/ 

Investment  Cost 

S 

$48,800,000 

- - 

$48,800,000 

Operation  and  Maintenance  Cost 

Operation  and  Maintenance  Cost 

1 

5 

120,000 

120,000 

110,599 

101,935 

93,949 

86,589 

79.805 

Operation  and  Maintenance  Cost 

10 

120,000 

757553 

67,791 

62,480 

57,586 

53.074 

Operation  and  Maintenance  Cost 

15 

120,000 

?575r5 

45,084 

41,552 

38.297 

35.297 

Operation  and  Maintenance  Cost 

20 

120,000 

^^532 — 

29,983 

27,634 

25,469 

23.474 

Operation  and  Maintenance  Cost 

25 

120,000 

21 ,635 
19,940 
18,378 
16,938 
15.611 

Operation  and  Maintenance  Cost 

30 

120,000 

It7318“  ~ 

13, m 
12,222 
11,265 
10.382 

Operation  and  Maintenance  Cost 

35 

120,000 

^7555 

8,B19 

8,128 

7,492 

6.905 

Operation  and  Maintenance  Cost 

40 

120,000 

6,364 

5,865 

5,406 

4,982 

4.592 

Operation  and  Maintenance  Cost 

45 

120,000 

3,901 

3,595 

3,313 

3.054 

Operation  and  Maintenance  Cost 

50 

120,000 

2t5T5 - 

2,594 

2,391 

2,204 

2.031 

Present  Worth 

TT~2 — : - — - 

$60, 187, 871 

projKt  Hf.  «.d  8-1/2 
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Table  B-11  -  Regulation  Plan  25N  -  Project  Cost  Time  Profile  for 
International  Reach  of  the  St.  Lawrence  River 


Item 

Year 

Undiscounted 
Project  CostI/ 

01 scounted 
Project  CostI/ 

Investment  Cost 

$38,000,000 

$38,000,000 

Operation  and  Maintenance  Cost 

1 

100,000 

92,166 

84,946 

78,291 

72,157 

Operation  and  Maintenance  Cost 

5 

100,000 

66.505 

- 5055 - 

56,493 

52,067 

47,988 

Operation  and  Maintenance  Cost 

10 

100,000 

44.229 

- 5054 - 

37,570 

34,627 

31,914 

Operation  and  Maintenance  Cost 

15 

100,000 

29.414 

- lore — 

24,986 

23,028 

21,224 

Operation  and  Maintenance  Cost 

20 

100,000 

19.562 

- mtm — 

16,617 

15,315 

14,115 

Operation  and  Maintenance  Cost 

25 

100,000 

13.009 

- lOSD - 

11,051 

10,185 

9,387 

Operation  and  Maintenance  Cost 

30 

100,000 

8.652 

- 075 - 

7,349 

6,774 

6,243 

Operation  and  Maintenance  Cost 

35 

100,000 

5.754 

- 003 - 

4,888 

4,505 

4,152 

Operation  and  Maintenance  Cost 

40 

100  000 

3.827 

- 027 - 

3,251 

2,996 

2,761 

Operation  and  Maintenance  Cost 

45 

100,000 

2.545 

- 055 - 

2,162 

1,992 

1,836 

1.692 

|39;iS6f5S? 


Operation  and  Maintenance  Cost 
Present  Worth 


50 


100,000 


Table  6-12  -  Regulation  Plans  6L,  15S,  and  25N  and  the  Adjusted 
BasIs-of-Comparlson  -  Project  Cost  Time  Profile  for 
Canadian  Reach  of  the  St.  Lawrence  River 


Item 

Year 

Undiscounted 
Project  Cost!/ 

Di scounted 
Project  Costl/ 

Investment  Cost 

- 

$45,480,000 

- - 

$45,480,000 

Operation  and  Maintenance  Cost 

1 

90,000 

82,949 

76,451 

70,462 

64,942 

Operation  and  Maintenance  Cost 

5 

90,000 

59,854 

55,165 

50,843 

46,860 

43,189 

Operation  and  Maintenance  Cost 

10 

90,000 

39,806 

36,687 

33,813 

31,164 

28,723 

Operation  and  Maintenance  Cost 

15 

90,000 

26,473 

24,399 

22,487 

20,726 

19,102 

Operation  and  Maintenance  Cost 

20 

90,000 

17,605 

16,226 

14,955 
.  13,783 

12,704 

Operation  and  Maintenance  Cost 

25 

90,000 

11,708 

10,791 

9,946 

9,167 

8,449 

Operation  and  Maintenance  Cost 

30 

90,000 

7,787 

7,177 

6,614 

6,096 

5,619 

Operation  and  Maintenance  Cost 

35 

90,000 

5,178 

4,773 

4,399 

4,054 

3,737 

Operation  and  Maintenance  Cost 

40 

90  000 

3,444 

3,174 

2,925 

2,696 

2,485 

Operation  and  Maintenance  Cost 

45 

90,000 

2,290 

2,111 

1,946 

1,793 

1,653 

Operation  and  Maintenance  Cost 
Present  Worth 

T-T—  — - 

SO 

90,000 

1.523 
$4«,S26  900 

D?olecT!72*!„r®  ’*''*^*  50-year  economic 

project  life  and  an  8-1/2  percent  Interest  rate. 
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Section  4 


COST  SIMMARY  OF  REGULATORY  AND  REMEDIAL  WORKS 


4. 1  General 

Limited  regulation  of  Lake  Erie  would  require  construction  of  regulatory 
works  at  the  head  of  the  Niagara  River.  To  Implement  a  combined  Lake  Erie 
and  Ontario  Regulation  Plan,  remedial  works  In  the  St.  Lawrence  River  would 
also  be  required.  The  nature  and  extent  of  these  works  depend  on  the  regula¬ 
tion  plan  selected. 

Table  B-13  Is  a  summary  of  the  costs  of  regulatory  and  remedial  works 
relative  to  the  regulation  plan  Investigated.  These  are  the  preliminary 
estimates  only  and  not  based  on  detailed  design  studies. 

The  costs  shown  for  the  St.  Lawrence  remedial  works  also  reflect  those 
which  would  be  required  for  channel  enlargement  to  accommodate  the  high  water 
supplies  of  the  1970*s  while  not  violating  the  IJC  criteria  for  the  regula¬ 
tion  of  Lake  Ontario. 


Table  B-13  >  Summary  of  Costs  of  Regulatory  and 
Remedial  Works 


Cost  EstimatesJL/  (millions  of  dollars) 

Regulation  Plan 

First 

Costs 

Average 

Annual  Costs 

Present 

Worth 

Plan  6L 

$ 

5 

5 

Niagara  River 

10.3 

1.2 

13.8 

St.  Lawrence  River 

Internatioanl  Reach 

30.0 

2.9 

33.6 

Canadian  Reach 

41.9 

4.0 

46.5 

Total  Cost 

w:^ 

O 

Plan  15S 

Niagara  River 

19.6 

2.0 

22.5 

St.  Lawrence  River 

International  Reach 

45.0 

4.3 

50.2 

Canadian  Reach 

41.9 

4.0 

46.5 

Total  Cost 

TO 

ITO 

Plan  25N 

Niagara  River 

111.4 

11.6 

134.3 

St.  Lawrence  River 

International  Reach 

38.0 

3.4 

39.1 

Canadian  Reach 

41.9 

4.0 

46.5 

Total  Cost 

■RO 

TO 

m:? 

Adjusted  Basis-of- 
Comparison 

St.  Lawrence  River 

International  Reach 

30.0 

2.9 

33.6 

Canadian  Reach 

41.9 

4.0 

46.5 

Total  Cost 

7179 

O 

W7T 

1/  Cost  estimates  are  based  on  July  1979  price  levels,  a  50-year  economic 
life,  and  an  8-1/2  percent  interest  rate. 
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ANNEX  A 


CONVERSION  FACTORS 
(BRITISH  TO  METRIC  UNITS) 

1  cubic  foot  per  second  (cfs)  <■  0.028317  cubic  metres  per  second  (cms) 
1  cfs-months  ■  0.028317  cms-months 
1  foot  •  0.30480  metres 
1  Inch  «  2.54  centimetres 
1  mile  (statute)  -  1.6093  kilometres 
1  ton  (short)  •  907.18  kilograms 
1  ton  (long)  «  1016.0  kilograms 
1  square  mile  ■  2.5900  square  kilometres 
1  cubic  mile  >  4.1682  cubic  kilometres 
Temperature  in  Celsius:  “C  ■  (®F  -  32)/  1.8 
1  acre  •  feet  •  1233.5  cubic  metres 
1  gallon  (U.S. )  -  3.7853  litres 
1  gallon  (British)  ■  4.5459  litres 
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ANNEX  B 


January  16,  1978 


Terms  of  Reference 


Regulatory  Works  Subcommittee 


In  accordance  with  the  February  21,  1977  letter  to  the  International 
Joint  Commission  from  the  Governments  and  the  International  Joint 
Commission's  Directive  to  the  International  Lake  Erie  Regulation  Study  Board, 
dated  May  10,  1977,  the  subcommittee  will  develop  engineering  designs  and 
cost  estimates  of  regulatory  works  in  the  Niagara  River  and  other  remedial 
structures  in  the  Niagara  and  St.  Lawrence  Rivers  required  to  implement  pro¬ 
posed  Lake  Erie  regulation  plans.  In  carrying  out  this  task  the  subcommittee 
will: 

a.  Prepare  preliminary  engineering  design  and  cost  estimates  for  regu¬ 
latory  and  remedial  works  in  the  Niagara  River. 

b.  Prepare  preliminary  engineering  design  and  cost  estimates  for  reme¬ 
dial  works  in  the  St.  Lawrence  River. 


c.  Prepare  discharge  capacity-cost 
development. 


curves  for  use  in  regulation  plan 


d.  Prepare  detailed  engineering  design  and  cost  estimates  for  regula¬ 
tory  and  remedial  works  required  for  selected  regulation  plans. 

e.  Prepare  reports  on  investigations. 

f.  Assist  and  prepare  information  for  the  Public  Participation  program. 


ANNEX  C 


MEMBERS  AND  ASSOCIATES  LIST 
REGULATORY  WORKS  SUBCOtlITTEE 
(1977  -  1981) 


Name 

Agency 

Period  of  Service 
^rom  To 

J.  Foley  1/ 

U.  S.  Ariity  Corps  of  Engineers 

Oct.  1977 

Completion 

D.  Cuthbert 

Canadian  Dept,  of  Public  Works 

Oct.  1977 

June  1979 

Canadian  Dept,  of  Environment 

June  1979 

Completion 

A.  Hollmer 

Power  Authority  of  State  of  New  York 

Oct.  1977 

Completion 

A.  Tedrow 

NYS  Dept,  of  Environmental  Conservation 

Oct.  1977 

Completion 

S.  Hung 

St.  Lawrence  Seaway  Development  Corp. 

Oct.  1977 

Completion 

S.  Daly 

U.  S.  Artriy  Corps  of  Engineers 

Oct.  1977 

Jan.  1978 

A.  Ellis 

Canadian  Dept,  of  Environment 

Oct.  1977 

Completion 

P.  Yee 

Canadian  Dept,  of  Environment 

Oct.  1977 

Completion 

J.  McGregor 

Ontario  Hydro 

Oct.  1977 

Completion 

J.  Erhart?./ 

U.  S.  Anviy  Corps  of  Engineers 

Oct.  1977 

Completion 

V  Chairman,  Respective  Section 
y  Long-Term  Associates 
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ANNEX  D 


REFERENCE  LIST 


International  Regulation  of  Lake  Erie,  Water  Levels  Study,  Construction 
Estimate,  McPhee,  Smith,  Rosenstein  Engineers  P.C. ,  July  1978. 

International  Regulation  of  Lake  Erie,  Water  Levels  Study,  Real  Estate  and 
Damages,  McPhee,  Smith,  Rosenstein  Engineers  P.C.,  July  1978. 

International  Lake  Erie  Regulation  Study,  Summary  Report  by  Regulatory  Works 
Subcommittee,  September  1978. 

International  Lake  Erie  Regulation  Study,  Cost  Estimate  Summary,  U.S.  Army 
Corps  of  Engineers,  Buffalo  District,  January  1980. 

Final  Report  of  the  Ad-Hoc  Economics  Subcommittee,  May  1978. 

Report  on  Superlor-Erle-Ontarlo  Regulation  Plan,  SE0-17P,  U.S.  Anny  Corps  of 
Engineers,  September  1974. 

Appendix  G  -  Regulatory  Works  Appendix,  Regulation  of  Great  Lakes  Water 
Levels,  A  Report  by  the  International  Great  Lakes  Levels  Board  to  the 
International  Joint  Commission,  December,  1973. 

Steady-State  Sub-Critical  Flow  Backwater  Model  for  the  Niagara  River,  U.S. 
Army  Corps  of  Engineers,  Buffalo  District.  See  Annex  E  for  a  listing  of  this 
computer  program. 

Upper  St.  Lawrence  Hydraulic  Transient  Model,  NOAA  Technical  Memorandun 
ERL  GLERL  -  24  October  1978. 

Report  by  Federal-Provincial  Committee  on  Flow  Regulation,  Montreal  Region, 
by  Environment  Canada  and  Quebec  Department  of  Natural  Resources,  October, 
1976. 

International  Lake  Erie  Regulation  Study  -  Lachine  Rapids,  St.  Lawrence 
River,  a  report  prepared  by  Engineering  Division,  Environment  Canada, 

January,  1979. 

Hydrographic  and  Geotechnical  Information  on  the  St.  Lawrence  River, 

St.  Lawrence  Seaway  Authority,  Cornwall,  Ontario,  1978. 

Hydrographic  and  Geotechnical  Information  on  the  St.  Lawrence  River,  Ontario 
Hydro,  Toronto,  Ontario,  1978. 

HEC-2  Water  Surface  Profiles,  Users  Manual,  Hydrologic  Engineering  Center, 
U.S.  Army  Corps  of  Engineers,  October,  1973. 
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ANNEX  E 


INTERNATIONAL  LAKE  ERIE  REGULATION  STUDY 
RATIONALE  FOR  THE  SELECTION  OF  N3  AS  THE 
MOST  FAVORABLE  NIAGARA  RIVER  ALTERNATIVE  FOR 
INCREASING  THE  OUTFLOW  FRGM  LAKE  ERIE 

To  increase  the  discharge  from  Lake  Erie,  seven  alternatives  were 
investigated:  modification  of  the  Black  Rock  Lock  (LI),  three  structures  In 
and  around  Squaw  Island  (SI,  S2,  and  S3),  and  three  structures  partially 
obstructing  the  Niagara  River  (Nl,  N2,  and  N3).  The  following  addresses  the 
last  three  alternatives  mentioned  above  (N  schemes)  and  out-lines  the  justi¬ 
fication  for  selecting  N3  alternative  for  concentration  of  further  effort. 

The  maKimum  proposed  diversion  flow  of  30,000  cfs  would  have  the  greatest 
impact  on  the  hydraulic  parameters  when  the  lowest  river  flow  (200,000  cfs) 
is  considered.  The  water  surface  and  energy  profiles  for  a  200,000  cfs  flow 
were  generated  and  were  considered  as  the  base  for  existing  conditions.  To 
pass  230,000  cfs  with  the  same  Lake  Erie  elevation  as  that  associated  with 
the  base  case,  the  river  cross-sectional  area  would  have  to  be  Increased  by 
dredging.  Observing  the  energy  profile  of  the  base  flow,  the  greatest  energy 
loss  occurs  In  the  area  around  the  Peace  Bridge.  Although  Improving  the 
channel  bottom  by  dredging  in  any  reach  will  decrease  the  energy  loss  and 
thereby  Increase  the  flow;  It  was  determined  that  dredging  In  the  vicinity  of 
the  Peace  Bridge  was  the  most  efficient  location,  regardless  of  which  struc¬ 
ture  location  is  chosen. 

Having  increased  the  capacity  of  the  river,  the  next  investigation  Involved 
the  location  of  the  partial  obstruction.  Comparing  the  Impact  of  the  three 
alternative  structures  on  existing  river  levels  the  following  was  noted: 

a.  N^  had  the  least  effect  on  upstream  levels  and  the  greatest  effect  on 
downstream  levels  of  all  schemes. 

b.  N2  had  the  greatest  effect  on  upstream  levels  and  the  least  effect  on 
downstream  levels  of  all  schemes. 

c.  N3  appeared  to  have  the  least  net  effect  on  existing  river  levels  of 
the  three  alternatives. 

The  cost  of  the  alternative  sites  was  also  considered.  Cursory  cost  com¬ 
parisons  Indicate  that  the  structures  for  schemes  Nl  and  N2  would  be  substan¬ 
tially  greater  than  the  cost  of  N3;  Nl,  because  of  the  required  length  of  the 
structure;  and  N2,  because  of  the  greater  river  depth  at  that  location. 

One  further  factor  Influenced  the  decision.  Location  of  the  structure  at  any 
of  the  three  sites  would  certainly  increase  the  potential  for  ice  problems 
during  the  winter  and  spring.  However,  It  has  been  observed  during  past  Ice 
runs  that  large  Ice  floes  are  often  broken  up  In  the  vicinity  of  the  Peace 
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Bridge  by  high  velocity  flow  and  contact  with  the  bridge  piers.  For  this 
reason,  schemes  N2  and  N3  would  probably  create  fewer  ice  problems  than  Nl. 

Considering  the  hydraulic  and  economic  aspects,  as  well  as  the  potential  for 
ice  problems,  N3  was  selected  as  the  most  favorable  "main  channel"  site  for 
further  study. 
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ANNEX  F 

COMPUTER  PROGRAM 

"Steady-State  Subcritical  Flow  Backwater  Model 
for  the  Niagara  River" 

TABLE  OF  CONTENTS 


Subject 

Page 

Program  Listing 

B-160 

Sample  Data 

B-172 

PRDGfft'*  MI*S>7»(lM>JT.3JTPliT,r*»e$slMPJT,T**E&33UrPjr) 
U“»FB  BH/£B  **0'>EL'  »  «JiI  •  722»J025 

20  t07« 

SBECIOL  STJOIEO  SSCTinM 
HV3BAIILICS  OBAMCM 

ca^P'JTEB  m  croEB  !7i 

coon  F3BTB4>I  BEv  « 

J20  COLU'«M  »*»»» 

INPUT  C»B3S  IN  F3LL1»tN3  3S3EB 

BE»n  1000  -  1  :«B3  NJ**«EB  OF  SECTI3NS  IN  CN4NNEL 


OBONOStlOOlt 


1110029 

ItlOOSO 

5IS0949 

5150059 

5150009 

5150103 

5150119 

5150129 

5150159 


F0B«4T 

IS 

N3I 

NEST  NOtfN  ISL443' 

5150159 

IS 

432 

E49T  N4V»  I9L443' 

5150169 

IS 

435 

CHIB»E44  CM4MNE.I 

5150179 

IS 

434 

T3NAN44D4  CHANNEL  BE^ON  704444404  IS.440 

5150149 

IS 

435 

4EST  734444404  tSL4N3 

5150199 

IS 

436 

EAST  T3N4N4ND4  I9LA43 

5150209 

IS 

437 

T3NA«AN04  channel 

5150210 

IS 

438 

'benchhans  ;r»e< 

SI  50229 

IS 

41» 

NOT  jSEft 

5150259 

IS 

4313 

NOT  USED 

5150209 

515O2S0 

BE40  toot 

-  1  : 

4B3  4 

change 

5150269 

F0BM4T 

IS 

NNl 

SLAC<  CBEEH  643EI  SECTION  EOS 

5150279 

IS 

Nn2 

heaver  island  gage  section  265 

5150269 

IS 

445 

LASAlLE  gage  section  506 

5150299 

IS 

444 

HUNTlET  SAGE'  SECTION  55# 

5150509 

IS 

4ns 

SLACX  BOCK  3A3£  SECTION  S2S 

5150519 

0E*0  1050 

IS  NN6 

•  9414  :443S 

peace  bridge  sage  section  6700 

•  50  N4XINU4  .  I  blank  card  at  EN3 

5150529 

5150559 

FOBMOf 

6414 

I1T4 

section  NUHSEB 

51505S9 

0X16 

Li034 

AREA 

5150560 

SXIS 

LX«3' 

elevation 

5150570 

6X14 

14 

OIOTH 

5150589 

SXIS 

IL' 

length 

5150599 

BE*n  1066 
F0R**4r 

8X12 

44 

channel  NU*5EB 

5150060 

515OS09 

-  1  C 
SFS.2 
IS 

4B3  34'  C0EFFICIE4T  F3R  EOCN  CNONNEf 

OFF  XINETICE  5NERCT  tOiFICl-NT 

IS05  S4L4NCE  BNa  I4CBE4E4T  ST'OSS  0  NO,  1  TES 

515OSO0 

BEtn  1065 

-  1  : 

4R3 

05150519 

F0Bm»t14F5,4 

44 

ROUGHNESS  COEFFICIENT 

05150529 

BEtO  1065  •  1  CtB9  •  'LON  LOSS  •  99UIN  ISL6N0 
F0BN6T  IS  NJL'  SECTION  NONJES  3F  FLO*  LOSS 
no  Ilf  FLOM  LOSS 

IP  N3  flop  loss  set  noli  »N0  laL  T3  2S03 


READ  7400  -  I  :4BJ  T3T«L  FL3«  *N>  ;ONTINU4TION  C*B9 
FOBv*!  Fin.O  a  T3T»L  FL3n 

FOB«*T  no  4  NEn  0*r«  .  NEN  »*B4NiTEB  CiBi)  ,  END  3F  BUN 

FOB  NFN  04T4  83  TO  I  lET  4  ■  l 

F3B  NE«  F4B44ETEB  COBS  63  TO  165  LCT  4  ■  2 

F3B  ENO  IF  BJN  63  TO  9«1  Ld  4  ■  5 


05150569 


05110419 


05150629 

05150659 


dimension  I9rN(SO,3),.«i34(S9,5)rLN3t(53»S)#rNt59>S),TL(50,S) 
OfNFNSinN  «*l(ia).44Nri«t.*Kn41..3TSt.TNSrS0,S1.e(S0.S1.4'Fr4t 
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c 


OI'*ENSIO'l 
ORISINAL 

1  U  a  t 
Kk  a  I 
KR  a  t 
JX  a  t 
jy  a  t 
K7  a  2 
C 

c  RE*n  P*R*«IETER  CAR)  '3R  RUNRER  OF  SE;riOyS  IM  CHRNMEL 
C 

RE»0  l4A0,y')t.y32<y})»R1«>M3S«N36,y07>y3R>y3Rf RDIA 

c 

c  RExn  P*Pt«rrER  CARS  F3R  RuapER  3F  SCmORS  P3R  ROJCHRESS 
C  COEFFICtERT  CRAROE 

C 

READ  |00t,RRi>RR2«RR}«RRa,RRS,MR6 
IS  63  TO  (2A»22<3««2S.2S),k 
C 

C  READ  MESr  RARV  ISkAR)  CHANNEL  DATA 

C 

20  PRINT  lOOS 
PRINT  1020 
LLaROl 
60  TO  04 
C 

C  READ  CHIPaoaA  ChARREU'  )ATA 

C 

22  PRINT  1022 
Lta  NOS 
60  TO  04 
C 

C  READ  T0NA0AR3A  CHARRS.i  OATA 

C 

20  PRINT  1005 
PRINT  1020 
LiaNOT 
60  TO  04 
C 

C  READ  EAST  T3RA0AN3A  ISLAND  CHANNEL  DATA 
C 

20  PRINT  1020 
LLaNOO 
60  TO  04 
C 

C  READ  FRERCHRARS  CRC£<  T3  BUFFALO  OATA 

C 

2B  PRINT  lOOS 
PRINT  1020 
LLaNOP 
C 

C  READ  DATA  CAR39 

C 

44  Kal 

90  READ  lOSO.ISTAIOtU'i.L-ROAlKrDtLHDEIOfDflalRtLOrlLIRfLlrRN 
C 

c  OATA  CARO  lESTS 

c 

IF(I«(K,L).Ea.0)63  TO  |20 
NaRR 

IFIN.EQ.Liaa  T3  110 
PRINT  I055»L»R 
CALL  E«IT 
tIO  K  a  0  *  I 
69  TO  SO 
C 


4S1 J0720 

4S1S47S3 

4S130749  ; 

OtlSOTSO 

RS1S07&9 

RSI J0779 

4S1S07B0 

4S150749 

4S1S0B09 

4SnOS29 

ASISOBSD 

•S1S0949 

RSISOOSO 

4SlS0Sb9 

4S1S0980 

4S1S0B40 

4S1S040) 

4S1S0419 

451S0929 

4St50449 
4311045) 
43130469 
43130479 
431304BO  ; 
43130400  I 

43131010 

43131020 

43131039 

43131049 

43131050 

43131079 

43131099 

43131040 

43131101 

43131119 

43131129 

43131159  I 

43131169 

43131179 


43131209 

43131210 

43131220 


4313130)  I 
43131319  ' 
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C  P9IMI  U*si:  ?»T* 

c 

l?0  piJIMT  in/is 

03  lt>0  I  s  I..U 
I»L«I>E=L.<OE(1,„0 

160  PPIVT  1060,  rSr*(I,l.l..«i3*CI,LI.»L*)E,M(r,L),IL(I,L)»V 
L»l.»t 

XE(L.LT.fc)S3  fD  15 
C 

C  READ  PARA-^ETE^  C*R)S 

C 

RE»D  1066.(<kcr(t),t:l,S)»tS«) 

Re»r>  JOfcS,  (E«M(I).  tst,ta) 

READ  lOibJ,  '4aL',  I3L' 
l>>5  RE«0  7a00.  3(5), R 
03  IS  IV23|,I'I 
»'t{IV2)=7»'l(I»2) 

IB  COMtlNJt 
K4  «  I 
KB  a  I 
JX  a  I 
jr  a  1 
KZ  a  ? 

C 

OfDa.XfcaTXB) 

0(  na.s*a(H) 

a(5):'J(|1 

c  suTFP's  pDixr  elex  caxpunrnu  (»s  *  'uxcTnx 

C  OF  the  total  3ISCHAT3',  OCR)) 

c 

ZBlaSRl. 

OZaTCRI/lilOO. 

SL»r3SR.67RT5*0.fl0 57 /•aZtrt.IRRt 2*2X0 
I/I3(  U  Dal  43(1,2)31  «iS(  1,5) aSLRT*! 03, 
QPLn4a(a3(t,t)/10a. 

C 

C 


PRtMT 

PARAnETER  CA33  TABLE 

POINT 

1037 

PRINT 

1102 

PRINT 

310 

PRINT 

1200, N]t 

PRINT 

1201, N32 

PRINT 

1202, N35 

PRINT 

1205, N3<l 

PRINT 

1203, N15 

PRINT 

1205,  N33 

PRINT 

IZON,  N37 

PRINT 

1207,  N33 

PRINT 

900 

PRINT 

Oil 

PRINT 

l200,NNt,ISTA(NNI,2) 

PRINT 

l203,NN2,I3rA(NN2,2) 

PRINT 

12110, NN),  .'STAINNA,  5) 

PRINT 

I200,NNq,I3TA(NN«,5) 

PRINT 

1200, NN5, (3TA(Nm5,5) 

PRINT 

1201,NN»,|STA(Nn»,5) 

PRINT 

900 

PRINT 

312 

PRINT 

1203, N3l 

PRINT 

1210, lau' 

PRINT 

900 

PRINT 

1215,3(0) 

PRINT 

1210,3(5) 

PRINT 

1215,3(1) 

05151523 

•5151553 

•5151503 


•5131503 

•5151003 

•5151419 


•5151553 

•5151SS3 

•5151573 

•5151533 

•5151533 


•5151313 


•5151353 
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•  5m»S3 


P9i»tT  (;>i6«a(s) 
f9INT  9«I0 
P9t'iT  l?t7,  a'LOl 
MINT  9(10 
911 

01  to  ITattl* 

»9tNT  i2ii»(r,*H((n 

10  CINTINlif 
POINT  900 
P9TNT  9t* 

03  II  LTat.S 

POINT  IPtO«lT.*FP(L<n 

11  CaoTIMUE 
POINT  915.9 
point  901 

C 

C 

C  P30  OOUGNNEJl  J3EPPi:iCNr 

03  162  I  «  l<t« 

162  **N(I)  a  tN(I) 

141  03  164  I  a  I.I4 
160  6<(Il  a  AN(t)  •  69(1) 

C 

C  NCST  N4VV  tSU6N0  ;N«99SL 

C 

P34afl./1. 

OCaOdl 

C 

C  F30  POINT  UT  3F  )6:<4tTEe  C0NPJT6TI39S  SENSE  S»ITCH  J  39 
C  IF  SENSE  SNlTCO  1  39  lOU^NCE  ONO  I9C0E9E9T  FItL  93T  3CCU0 
C 

IF(ISP1-1,9E.0)63  t3  147 
KEal 

147  IF(N2. £0.2)33  73  149 
FOINT  1047 
POINT  1020 
POINT  1049 

140  L  a  0 

U4  a  0 
I  a  1 

170  L  a  L  »  I 
L*  a  L*  t  1 

•  a  t..O*(I.t.)«C(iaSCt.t)-LaOE(I.L))/10}.)*la(I,L) 
V09a0(L0)/«(I.L) 

MV3NaVON*V3N*«FF(|.)*,OtSSa71 

171  IF(>(2.E0.2)S3  TO  190 
VMEOOavON*aON/(2.*S2.2) 

OiaSalasd.L') 

TNE*Oa014S/100.*V9E»0 

POINT  lll0.I9r«(I.L<I.Oia9.a(L«).«(I.'.0.Ia(I.L)«F9N.7Ne«0.THr«o 
190  J  a  I  *1 

|4S(J.L)  a  149(1. U>)  t  2 
KJalJalJJal 
190  lEUEV  a  laSd.U) 

4(J>L)  a  L43«(J,L)  *  (daSd.L)  >  LM3E( J.U) )/100.)  •  lOdiL) 
VUaaq(t6)/t(i,L) 

HV JPavuPayja* 6*0 (L) a. 9159471 

NVaMVON'NVja 

C 

T49la((|4(l,t.<)  -14(3, .0)  6,5) 

C  TEST  FOO  4C|.L«1ESt39E3  T06MSITI3N 
C 

T»9»  a  ((  4  (I,;.)  /(4(l,l.))  -C  4  (JnD  /ia(3*L))l/lL(I»;.0 

DEFT  a  .2?149  •  419(T49T) 

0E74  a  .22149  •  499(7494) 

IF(rt£V4.L?.«,)33  T3  197 


.  mic  do®* 

b-Tm 


41111670 


41111490 

41111700 

41111719 


41111749 

41111779 

41111790 


41111919 

41111923 

41111913 

41111440 


41111B99 

41111900 


41112009 

411 12100 
41112119 


IF(r'EVI.t5.H,)5J  T3 

CC*.l 

CE«.? 

GT  rn  t9« 

197  cc».as 

CE*.5 

IQB  IF(MV)?0O,2?0,?l0 
200  HT*-CE*MW 
C1EF  «  Ct 
60  TO  210 
2|0  «T  *  CC*H« 

COEF  a  CC 
63  TO  210 
220  t4T  a  n. 

COEF  a  0. 

210  «*VFa.S*(4(I.L')»«( 

HAVE  a 
RalAVE/.UtfE 

MF^aOCaOCalLT  (.U)  •*<<  ..i)/<2.2‘>92***»E**»''E*9»**0'*) 

HT3T»Larti/»HTHF7 
IH  a  MTOTlf  •  100 

IF((HtOT*L*IOOO«tH*|0-S).6E.O.)60  TO  2I« 

MT3T»LatH 
60  TO  21S 

2ia  HT3TAL  a  l-t  »  t 
215  C  I^TtNUE 

laKJ.L)  a  laid,'.)  *  >4TOT*L 
IX  a  Iaa(J,L) 

IF(Il-IFLEX)3kO, 270,251 
200  tF(KJ.eE.2)31  TO  252 
KJa|Ja2 
63  TO  190 

292  IF(M-2)27O,t9O,H0 
261  IF(KJ.6C.2)S3  TO  241 
KJat JJx2 
63  T3  too 

265  IF(t JJ.r.E.2n3  TO  140 
270  IF(K/.Eil.?l'i1  73  240 
latVEaaavE 

VHE*03VilP*Vja/(2.*12.2) 

Rlanalasl  l.u) 

THE*na9|aO/|Ofl.*VHE*3 

PRINT  toaO.OCftlVa.  la6VE**4,IL(I,L).«O(.i),»1<7,HT,9FR,9TOTtL,C0EF 
PRINT  1310,  nrAO,l.'),4iaS,a(L6),6(3,'.0,I4(J,L)rVJPrV‘1E60rTHE66 
290  laj 

VONaVUP 

MV3N  3  MVJ» 

63  TO  (110, 170,923, 14), 521, 3-X4, 460, 740), LA 
C 

C  EAST  NAVY  ISLAND  CiANNEL 
C 

C  SEtTION  C3JNTE4  ,  REST  NAVY  ISLAND 
110  IF(T.LT.N3|);)  TO  ISO 
IF(n/.ED.2)33  to  S91 
PRINT  tn90,L,AFF(Ll 
199  L  a  1 
I  a  I 

QC  a  q(2)  a  ](1|  .  0(|) 

IF(9/,Eq.2)31  TO  14) 

PRINT  1021 
PRINT  1045 
160  60  TO  170 
C 

C  SECTKIN  C1JNTE4  ,  EASl  NAVY  ISLAND 

C 


«St 122n3 

4}tS22«3 

•11S22S0 
4111211  0 


41112925 

41112S4) 

4111252) 

4111256) 


4111245) 

41112441 

4111247) 

41112453 


4111277) 

4111272) 

4111279) 


COT  avollobl.  to  one 

hiUl  UoiM* 


B-124 


ITO 


C 

C 

C 


SAO 


401 


<02 

<os 


<es 


c 

c 

c 


<14 


c 

c 

c 

<20 

<22 


C 

C 

c 

<2>i 

<20 


C 

C 

c 

<10 


c 

c 


IFd.LT. <12133  TO  l<» 

IF(<2. £0.2)33  T1  na 
1090,U.*'FCL') 

atL4<CE  ist.*<3 

IF«Z. £0,1)33  T1  in 

P<l  4T  6000,  I4l(<31,n,  t<S(>n2,2).  Jtl),  9(2),  K*,  J« 
irtKA. £0.5)53  T3  «02 

call  HALACc  (<1.12.  n,l<Sn0l,l),I«S(O2,2),a(l).ll(l).KA) 
rr('i(t).L£.o.)33  f3  «ai 
1F(0(2).LE.O.)3'I  r3  1)1 
IP  (KA«<)  101,101.1)1 

KA  ■  1 
POIHT  1101 
cn  TO  40S 

CALL  IMC^r 1(131, 1  IK  131,1). 141(102. 2), 3(1), <A,JX) 
IP(ia.lT.4)53  to  103 

KAal 
J1  a  I 
63  TO  410 
I«1 

OCaOd) 

0(2)  a  0(1)  .  3(1) 

63  T3  169 

CHtPPAaA  C-tAKEL’  A33VE  NAVY  ISLA10 

IA(k2. £0.2)33  T3  111 
POUT  1047 
P<1‘IT  1010 
POIIT  1060 
I  a  M02  t  1 
l4Sd,2)  a  IKKOl.l) 

L«t 

A1(2)  a  Aid) 

AK(2)  a  Aid) 

OC  a  Od) 

*A11  a  <02  ♦  15 
63  TO  170 

N  CHA<6C  ,  IlACK  C1E£1  8A6S 

IF  (J  -  Nil)  140, 122, 124 
AN(2)  a  A1(4) 

41(2)  a  Aid) 

63  T3  ino 

N  chance,  3EAYE<  tS'.«19  6A6E 

IF  (I  •  «2)  140,126,130 
AS(2)  a  Aid) 

Al(2)  a  Aid) 

63  TO  140 

PASE  CHANCE 

IFIJ.NE. 111)33  TO  113 
IFdOl.LE. 111)33  T3  <10 
IFdZ. £0.2)33  TO  |73 
POINT  1067 
POINT  1050 
POINT  1069 
63  T3  173 

SeCTIMN  C1.I1TE1  ,  :il»PE4A  channel 


<3152913 

<313290 

<5152953 


<31 32943 
<5132953 


<3133009 


<313300 

<3133053 

<3133063 

<3153079 


<1133103 

<5133110 


<5133193 

<3153203 


<31132<9 

<3133253 

<3153290 

<3133303 


<3133353 

<51333« 

<3155373 

<3155399 


M  «9  . 


IP' 


B>125 


c 

««0  IFd.l  T.>»15);3  to 
c 

c  T0M»»*'»|'»  C^*^'•EL  iiuon  ros»**M0»  IS.^MO 
c 

IF(>«7.CQ.»)'.0  TO  »i» 

PRINT  lORI,  L'. 

PRINT  10*T 
PRINT  1021 
PRIM!  lObR 
•SR  l«l 

0N(1)  s  «R(S) 

«K(S)  a  *<(b) 

OC  a  <](«)  a  OIT)  a  )(«)  •  0(1) 

63  TO  ITO 

C 

c  N  CHOFiRi,  uRSOLLC  :•:* 

c 

<60  IF  (J  -  RNl)  470,'41>«T65 
<62  *N(1)  a  4N(n 
4K(1)  a  »<(7) 

GO  TO  100 

C 

C  P»5E  CR»RG£ 

C 

<61  IF  (J.NE. 10)51  TO  170 
IFI'lOO.LE.mn  TJ  iTO 
IF{o/.E'l.?)51  TO  171 
PRINT  1067 
PRINT  1«60 
PRINT  1021 
GO  TO  171 
C 

C  section  CO  inter  .  TliKatNOO  CRRVRCU  JC.OO  TOVARORP*  ISt»NO 
C 

<70  IFd .CT.RIOSO  7f)  MO 

C 

C  REST  TOAtARANlA  ISt*N3  C-KRIEL 
C 

|F(t<7.EU.?)30  TO  S21 
PRINT  lORO,  UR  <Fa(.0 
PRINT  1067 
PRINT  1026 
PRINT  1060 
120  I  a  NOM  *  I 
La? 

IRSCI.I)  a  IRSlNOt.l) 

ANIl)  a  ANM) 

ANd)  a  ARM) 

OC  a  QM) 

60  TO  170 

C 

C  SECTION  COJNTER  ,  REST  TOVRrANOA  ISL»N> 

C 

521  IF(I.LT.N1S)31  to  MO 
C 

C  EAST  TONAranOa  ISL'MI  CR»6NtL 
C 

IFM/. £0.2)51  TO  571 
PRINT  lORO,  *FF(w') 

570  Ia| 

IRSIIM)  a  IRSCnifl) 

AN(R)  a  ANM) 

An(0)  a  ARM) 

OC  a  0(6)  a  1(«)  •  1(1) 

IFIRE. F0.?)'.1  n  |71 


•llllios 

RSllKtS 

•S159<2S 


•IISBRSS 

RlllKTS 


•1115523 

•1111513 


•1111573 

•11115S0 


•1111653 

•1111643 

•1111653 

•1111663 


•1111643 

•1111693 

•1111703 


•111175a 

•iiiiraa 

•1111750 


•1111S23 

•lllioia 


•1111453 

•1111469 

•1111578 


CopT  available  to  DTIC 
JuUy  lepible  lepT 


doM  not 

oductkott 
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^RINT  ia2» 


Mm  lofca 

61  TU  ITS 

c 

C  SECTTOM  ClJNTEa  .  E49r  T9'I4«4^04  ISL«^1> 

571  IF{I.1.T.S1(|)S1  n  190 
ir(K2.Ea.?)31  T1  900 

F«i>tr  in9o»  L*t 

c 

C  BALANCE  rONAnAXOA  tSLAMO 

c 

BOn  IF(a7.EO.I)31  T.)  bSO 

PRtMT  Boot.  InStNlS,}).  ImSCNIA.A),  3(S),  3(B).  KA.  JX 
IFtKA.EQ.DSJ  T3  SI) 

CALL  nALAvrE(«5.«B.}).lF9()«3S.S).I«S(N3B.«).a(5).0(5).XA) 
1F(Q(9).LE.0.)3-]  (3  B)« 
tF(Q(A).LF.0.)S3  13  BOO 
IF  (KA  •  4)  Bt4.BtE.BU 
BOO  KA  ■  t 

FOfiT  ttOJ 
63  TO  BI4 

BlO  CALL  tNCOEK(n2.(«S(N3S.S).Ii«9(<IOb.a).3(S).<A.Jl) 
tF(KA.LT.A)33  ro  BtA 
Bt2  KASt 
JK  a  I 


C 

C 

c 


c 

c 

c 


c 

c 

c 


c 

c 

c 


63  TO  BSO 
B|A  I  a  MOA  A  1 
L  a  2 

LA  a  UA  -  2 
OC  a  0(5) 

Q(B)  a  4(4)  •  3(5) 

63  TO  170 

rOMAKASOA  CKAWEL  AIIKC  TVUlttHO*  ISlOVO 

B50  |F(KZ.EU.2)33  T3  B5< 

MINT  t(lB7 
F4INT  1025 
B5*  I  a  NOS  *  t 

l49(l.3)aTA9(N35.S) 

«4(3)aAN(|0) 

AK(J)aAK(10) 

La2 

OCaO(7) 

M2an(05Al4 
63  TO  170 

FA6E  CHANCE 

BBO  IF(J.hC.HM2)3]  to  B70 
IF(KZ.E0.2)33  TO  (7} 
filINT  tOB7 
F4INT  1025 
FAINT  tOBA 
63  TO  171 

N  CHAri6C  .  HONIlET 

B70  TF(.|. HE. 544)3)  T3  BBO 
ANdlaASdi) 

AK(l)aAK(tt) 

63  TO  1*0 

•ECTina  CIJNTEA  .  TINAAANOA*  CHABNEL'  A93«E  T3NA4A50A  island 
BBO  IFtI.LT. 537)51  TO  ISO 


41115073 

411110(1) 


41114053 

41114043 

4111405) 


41114143 

41114153 


i 

4111420}  I 


41IS42B3 

4111427} 

4111428) 

4111428) 


4111412)  ! 

i 


41114429 


4S134AB3 

4111447) 

41114483 

4111448) 


I 

1 


411)455) 

4111454) 
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IF(^/.EQ.^)?^  T91 

Fuinr 

c 

c  i|4L*ncE  ISL4'I') 

c 

700  IF{KZ.E'3.J  )57  n  7iS 

OEVs(I«S(^]l,2)-|tS('ll7.})) 

lOEVaOEV 

POINT  «002,T«0(N-ll,?}.|MS(N-)7.1l),3(T).7(7)«<0,JV>iqE«/ 
IFlKrt.EO.T);}  Tl  713 

C*LL  H4L«NCe(«l.<iT.}2.1ii9(i»l5,2),I«SCN]7,S)>a(S)>0(S)><(4) 
IFCOISI.LE.O.);)  IJ  7)7 
lF(!j(7).LE.o.)5a  ra  7)» 

Ir«4.«|7l4.7l2.7l2 

709  KOil 
POINT  HOT 
63  T>3  71 « 

710  C*LL  IOCOEO(nS.l4a(035.2).tPS(007.Sl.l(S).<S.Jr) 
IF(<O.LT.*131  T3  719 

712  4*H 
OOat 
Jlsl 


JTtl 

KZ«I 

03  719  lal.lO 
719  *0(I)s**N(T) 

POINT 
G1  TO  109 

710  aCsOIDsiXTI'KPl 
a(4)ci|(7)s3(9)«3(S) 

03  715  iPt.lO 

715  AOdlatAOdl 
03  710  laid) 

716  «i«d)a*Nd)*«9d) 

63  10  160 

C 

C  F0ENCMO40S  C9££0  T3  iJPF*UJ 
C 

750  POINT  1067 
POINT  1020 
POINT  1060 
lal 
Lao 

lOOIUSlalOSIOGT,  5) 

•  N(5)3«.Nd2l 
*i<(5)a»><(l21 
OCaOIO) 

63  T3  170 
C 

C  N  CHOICE  ,  OL«:o  03:9 

c 

760  IF(J.NN5)760,762»779 
760  IF(f-3L.LE.0)*.3  T3  790 
IFd'JL.LC.OlST  13  790 
IFIISTOU/LO-nGL)  79)»760,767 
769  UCag(L*)*iaL/? 
0(1.4)aa(L4)«nL' 

MNtal 
63  T3  700 

767  JFIN'»*.F9.2)J3  T3  790 
OCaO(l.t) 

6N*a2 
63  T3  700 
762  0Nr5)a*Ndl) 

•  <(<5)a«Hd  91 

IFflCl  ,1  F.imi  13  199 


OldOSil 

65110S*) 

•SIS0609 


I 


09194709 

49190719 


I 

i 


09190959 

09190969 

09190979 

09190909 

09190999 

09195099 


09195079 

09195099 


B-128 


IF(10L.Le.4)33  TO  110 
IF(ISI*(J»L)*43L)t1)»r04.7*6 
T»«  aCaKLAl-Ot/O 

NV«a| 

GO  TO  lao 

7b6  iTtsNA.Ea.i):-)  TO  110 
OCau(l.*) 

N!t«a? 

63  TO  110 
C 

C  FLIn  LOSS  S1J44  ISL«1) 

C 

7T0  irttiQL.LC.OlSI  TO  T»S 
IF<10L.LE.0)S3  to  77S 
1F(ISTO(J.L)«i7L)771» 772*774 
772  OCaO(C«)-I3L/2 
0(L0)af)(L4)-nL 

NNtal 
GO  TO  774 

77*  IFlNSA.CQ.aiaO  TO  779 
GCaOTL*) 

•i1*a2 

C 

C  F4GE  CH«9GC 

C 

771  IF(J-I4JT40, 770,790 
774  POINT  1067 
POINT  1429 
P'H\T  1461 
GO  TO  ITS 
C 

C  H  CH4NCE  ,  •e*CE  UlOSE 

C 

744  IPTt. 42.116)33  70  700 
6N(9)a1N(t4) 

«K(5)atK(14) 

G3  TO  ISO 
C 

C  SECTION  C3J1TE0  ,  FOEICONONS  CREEK  T3  9‘JPF6kO 

C 

740  IP(I,LT.N3HS3  TO  190 
P41HT  1040,L.»FP<L) 

XP(N.2)i,I69,101 
801  C«LL  EXIT 
C 

C  P04N4T  STtrSKENTS 

c 

400  P04N*T(|H3) 

401  P34N»T(|Nl) 

410  F34''*T(20i(,*4JN9E4  3F  9eCT13NS  IN  :m«N«CL**/7 

411  F34N«T(20X,*NtNNl4«S  4  CN«NSES**7) 

412  F04<»T(20«,»»l04  losses  4T  SOJ»a  IS»,/) 

411  F34n»T(20X,«HNNI4S9  CSEFPICICNT*,/) 

414  F04NtT(/,20X,*TINCTIC  EnENGT  COEF*,/) 

4|9  F04N6T(/,20X,*$i)143JriNS  0YP6SS  (BtLtNCE  6N3  INCNEN)  a  a, 12) 

1000  FONNtTdOtl) 

1001  F3i|N6T(6lS) 

1009  F04N»T<1N|,////,40«»16196SIC  36T6  T11LE9 

1020  F3*n*T(//,S6X,?4N4E5T  44»y  ISL*N0  CMINIEL*//! 

1021  FOONari//, S1X,24HS61T  N6VV  1Sl*nO  tHkNIEL,//) 

1022  F344«r(//,10x,t6N:-4t*>6a«  CNAnnel,/^) 

1021  F'14N6T(//,14X,lnHr3464«N94  CNINlEL  ISLlO  TIN  IS*//) 

1024  F34N*T(//,49X,t7NT3N1464i)1  CHXNNEL*//) 

1021  F34N4T(//,40X,inNT3N64*N0»  CH4NNEL  413/E  T34  IS*//) 

1026  F1»N4I(//,11X,24>14|1T  r3N4P4N34  I9L*13  CNIilELN//) 


iOl7  FC»^-1»T(//,  J4«,2»Hi\ST  T]M«MAM34  ISU*'I5  CHAM'IEL, //) 

10?‘«  F3-«'4»I(//,  C»EE<  TO  iJFr*L3»//) 

lOJO  F3'»''»t  (//,  70*.  C-4AMNEL  M4VF  IS,//) 

t04S  F34<4«U?<>X.  S-tS'C.  Wt»-IL«0  ELEX.  SXfSHXiOTH,  SX, 

♦  i'4LE'*r.TH,4<,EHCH,/) 

lOSO  F3?v»T(6X,  n.'IX,  tS.  SX.IS.hX,t4.SX,(S,SX,I2) 
loss  FIIJMAKSX.Z'HCHASIE.I  sj'1ilE«  I  SCT*9£C  T  ,  »  (  5X  ,  1 2)  ) 

I  OSD  F'14<«*T(2SX,  t«,SX,I0o<,.2FFA.>>SX.|S.Sx»IS,SX,I2) 
tool  FO'I'iATdS.IIO) 

1004  F1i4v»I(SF|0.0) 

1005  FIHMATdxrS.I) 

1060  FT4MAT(SFS.2, IS) 

1007  F344AT(M|,/,«SX.20-4J3  AR-AY  C3H»8  3F  E  43,/.  ITX ,  t  OH0ETR3I  T  DISTRICT 
*.//,44X.?M««rER  5J7FACE  FRlf rLE./,44X,22MS4C<«»TC*  CORRJTATlaNS. 

♦  //) 

|00R  F7R4AT(?X.4-4i;:r.1X,4  44.3..OX.I-«a.0X.t-<*.t<.MJt.OX,t-|R.4X.I-IL, 

A  TX,|M4,4«,  MV.0X,a4Hi/.0X.2HHr,0X.  SH-«F  7,  JX  .  044T3T  AL,  2Xf  4 -ICOEF. 

*  4X. •VY/?S*, 14. *E4e73Y*. 

A  lx. *4404,/, 

A  I  SX.OHf  lex./) 

1070  FDR'«AT(4X.1'I,  lX,-?»r7.2.2X.OPF7.0.?4.F7.0.2X.I4.23X.FO.J) 

1000  F3RUAr(i7«,F7.0.2x.*7.0.2X.t4.2X.F5.>. SX.15.2X.FS.4.9X.FS.1.2X. 

A  F0.1.?X.F0.1.2X.«2aF0.2.2X,0>FS.?.20X.F4.t > 

1090  FDR4Ar(/.lOX.'«HAFF(.I|,AH)  s  ,FS.2) 
non  FDR4AT(t|) 

1102  F39AAT(//,44X,20HC3aRILEO  20  4AR  1974. //.44X , 204RARA9ETE9  CARD  TAB 
ALE./.S2X.4-I4H5.////) 

1101  FD94AT{/.;ox.llH»lE3iriYE  FLDR) 

1104  FT9-l4T(//,St.  t  4HM3J5U  14LANCED) 

1200  FDR4A?(21x.»a£ST  4AyY  is  a  A. IS) 

1201  FnR4Ar(21X.AFAST  4Ayy  is  a  A. IS) 

1202  F09'*AT(21X.  iCHlRPAAA  CHASMEL'  a  a.  IS) 

1201  F0R'*AT(21x,aT34  C4  lE'.OO  T04  IS  a  a. IS) 

1204  FDRWAT(2ix,AA£Sf  nxAAASOA  IS  a  A. IS) 

1205  F39'ur(2lx. AjASr  r34A4A40A  IS  a  A. IS) 

1200  F3R'*AT(21X,An4  C4  A13XE  704  IS  a  a. IS) 

1207  FDRsAKFIX.aFxescsXaxS  C^CEa  a  A. IS) 

1200  FOROAK/lx.tl.A  (8£:tI34  a.iS.aIa) 

1209  F3RM4r(24X.ASEC  41  »  A. (4) 

1210  F3R44T(24X.alOSS  a  a.i») 

1211  F3R4Ar(21X. ri,2x.rs,») 

1212  F3R4A1(21X.a:4A44Fu  A,I1.*  a  A.FS.E) 

1211  FDR4AT(2fflX,Ar3TAL  JISCRARSE,  CFS  a  a.FII.O) 

1214  F')R4AT(20X,aFlOa  14  CAIPPARA  CH444EC  a  A.F7.0) 

12)5  format  (20X.AXLOA  14  a£8T  IYAVT  IS  a  a,FI1.0) 

1214  F3Rm4T(20x,aF;.(14  14  aJST  T04  IS  a  A.r|2.0) 

1217  F39MAI(20X,A5r4RTI41  ELEVATION  AT  SLATERS  P3I4T  a  A.Fb.2) 

1110  FlRMATdX, 14, SX.>2PF7.2.2X.OPF7.0.2X.F7.0.2X.I4,23X,FO.}.44X.F4.2. 
A  2X.F0.?) 

bOnO  F394AT(/,SX.ISA4Ayr  IS  AS  a  .21  S.EX.OHO  a  . 2X0. 0. 2X. SHK A  a  , 

A  II.2X,5AJX  a  ,11) 

*001  FORMAT!/, SX,15Ar')4  IS  AS  a  ,21  4.»X,4A0  a  .2FB.0,2X.SiKA  a  , 

A  I1,2X,SAJX  a  ,11) 

*002  FORMAT!//, SX.tSHr.4A4D  IS  as  a  .2I4.2X.4HB  a  '2XB.Q.2X.SHKB  a  . 

A  II, 2X, SHIT  a  .d.2«,4HDEV  a  .15./) 

7400  FDRMATIFIO. 0,110) 

END 

S'JRRDUTINE  0AL*4CE!At,42.3)l$.tMSS.tAS4.as.9$,<*) 

C  SU1R3UTINC  FDR  RAlOnCINS  FL3HS  IN  SA;a4ATER  CD<A>JTATI3NS  090h 


C  090-I00S3 
C  CALL  ►'AME  SALANCE 

C  BOOAOOS} 
C  29  JAN  1909  090400*) 
C  09040079 


C  CARD  FDRTRA4  REV  1 

r  frmPittFo  JR  'xRxa  ixx 


ii«Me  to  DTIC  do*« 

CotKT  avollcibio  TO _ .^Rucdoa 


■‘.Z  - . . 
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f«3CRA«<«IE9  FAtM<  -1. 

•  43UMF.>tTS-I'tSS>t«1«  •  >(.9.  ELEVAT13M9  (t9) 
Sl’KI't) 

35  •  30JT) 

<A-IM3E« 

nvUT  ELEVtrUMS  «4£  rixED  »OI««T 


IF(K*.EQ.2)33  T3  i 

Mfmm 

nFAalnSS.MSa 
iF(iOF«.E3.o):3  r3  r 
SaiaOJ 

IF(IOFA)5.7»a 

5  QSaqj^aOOa. 

63  rn  5 

9  OSanj.tOSO. 

5  K«a2 
60  TO  S 

4  I3a(ga5»(4l>a2)*(3S*33I)/(Ni»42-I49I»la8«))t.ftl 
osaroatno. 

K*a] 

63  TO  « 

7  Ktaa 

8  MErtlH«i 
E«i3 

9U5R0UTIME  l'i:4E'«(t3a4,t483,l4Slf3$,<A»JJ) 

9U563urt9E  F33  IM;3f aa^f IMG  Fl.0«8  IN  SkCKaATE*  ;0aFUTATI3N8 

C»U  name  lac^EAEaT 

24  JAa  1444 
CA30  F3RT4Aa  4EV  • 

CONFUTE*  ‘J4  CrJE4  175 
MOeRAaME*  FRA44  4.  Sjiaa 

«R&liaEaT8«I48}>t4S4  .  4.8.  ELEVATI3as  (X4) 

65  •  9(3JT) 

KA-iaOE* 

INPUT  EUEvArnas  are  'ikco  »oint 


I0FAaia8««I455 
1F(JJ.E0.?)S3  T3  2$ 
lOFaalOFA 

25  IF(I0FA)55.5S«I0 
10  IF(t0F4)55.55>A4 
15  IF(I0F4.65.0)S3  T3  15 
40  JJa? 

IF(I0FA)45f5S,50 
45  O5aQS-l00. 

60  TO  44 
50  OlanittnO. 

60  TO  40 
55  KA  a  4 
JJal 

40  return 
EN9 
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0  40-40119 


040-401S3  , 
040-40179  I 
040-40109  : 
040<401«9 


040N040'40029 

040-40059 

04OR00R> 

040H0059 

oooaoooo 

oooRocro 

040-40  1  09 


04040159 
090-401R9 
040-401S9 
040  <44140 
040<40ira 
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4 

II 


1 


I 


HO  sec  »ei«  :*«  *11 

sec  so  FOR  s  cHtsce  «it 


5 

19  11 

15  6 

15  49 

15 

*  29 

5  51 

no 

25405 

35074 

1700 

105 

21500 

55175 

1404 

110 

24900 

55)45 

115 

31500 

36)95 

2550 

200 

55200 

35)74 

4500 

205 

20500 

$5)9.1 

1550 

205 

15100 

55091 

1  740 

210 

15100 

351)9 

1700 

215 

1  7900 

55115 

1  704 

220 

49500 

55115 

4054 

225 

42101 

55127 

2550 

210 

44501 

551 12 

2400 

215 

12900 

56155 

2500 

240 

46504 

35194 

2450 

245 

45501 

56249 

5750 

250 

47201 

35211 

2750 

255 

45500 

55255 

2004 

2S0 

4150} 

35275 

1500 

255 

54500 

55504 

1000 

270 

11100 

55507 

2125 

275 

16540 

35515 

2554 

250 

42001 

55521 

2725 

255 

53100 

55535 

3900 

500 

52500 

35)70 

1445 

502 

11500 

55)75 

1904 

501 

19200 

5504} 

3140 

500 

41120 

551S9 

3504 

105 

5950} 

S5IOO 

3500 

110 

16570 

55129 

2900 

11? 

2190} 

55200 

2700 

Ill 

17551 

55200 

3450 

116 

55700 

55200 

3750 

11* 

172  74 

55?00 

3150 

12" 

35254 

55200 

3240 

12? 

14190 

55200 

2950 

121 

41010 

S520O 

2900 

125 

51071 

55200 

2400 

526 

51070 

55200 

2400 

125 

29110 

55200 

2050 

110 

57550 

55200 

2554 

112 

11410 

35200 

1500 

114 

51750 

35200 

1510 

115 

55551 

35200 

1920 

no 

15910 

35200 

1780 

140 

14991 

55200 

1750 

112 

15171 

55200 

1R40 

144 

53550 

55200 

1700 

145 

16550 

55200 

1450 

11* 

55120 

55200 

1550 

154 

44190 

55200 

1920 

IS? 

42150 

55200 

2000 

134 

251)0 

3510) 

1500 

155 

27100 

35107 

1400 

15* 

251)0 

35514 

1580 

160 

245}0 

55522 

1400 

15? 

11700 

55514 

2125 

1500  1 

3500  1 

2000  1 

0  1 

1 

5100  2 

2000  2 

2TOO  2 

1700  2 


0 


2750 

2 

11 

15 

saoo 

2 

11 

20 

521) 

2 

5 

>S 

7100 

2 

20 

25 

374) 

2 

25 

22 

900) 

2 

45 

50 

600) 

2 

35 

10 

270) 

2 

20 

23 

620} 

2 

75 

1 

ISO) 

2 

17 

0 

160) 

2 

12 

0 

170) 

2 

16 

0 

leoo 

2 

14 

0 

0 

2 

20 

0 

1050 

1100 

2S50 

•500 

7500 

•  70  0 
lOOO 
1500 
ISSO 

1000 

2150 

2SOO 

0000 

300 

5900 

0000 

5200 

1900 

2600 

2*00 

2200 

isoo 

2200 

2000 

•950 

l«i)0 

1700 

2650 

1500 

1500 

1750 

2550 

0 
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100 

7010 

56700 

100 

700 

1 

10S 

5560 

56141 

175 

ISO) 

1 

110 

6723 

56705 

11A 

70) 

4 

115 

1000 

56706 

700 

70) 

4 

130 

1100 

16706 

000 

160) 

1 

175 

5510 

56712 

600 

0 

1 

• 

500 

57100 

16114 

6125 

700) 

S 

1471  COlO 

505 

56700 

56111 

5100 

770) 

5 

1475  C0« 

510 

15700 

56136 

3150 

ISO) 

5 

1471  COlO 

515 

15100 

56166 

lOOQ 

10) 

5 

1471  CONS 

570 

10000 

16167 

1000 

60) 

S 

1471  coia 

575 

10170 

16170 

1680 

410 

5 

147$  :oio 

510 

11553 

56145 

1510 

61) 

S 

1471  CHID 

515 

17079 

16111 

1575 

65) 

5 

1471  COW 

510 

40479 

56175 

1710 

60) 

5 

147$  COW 

517 

45073 

56141 

1716 

510 

147$  COlO 

515 

11119 

56155 

1650 

61) 

5 

1471  COW 

517 

10440 

56171 

1610 

65) 

5 

1471  CONO 

550 

10690 

16154 

1640 

64) 

5 

1471  COiO 

555 

46000 

56501 

1510 

710 

5 

147$  COW 

560 

40703 

56577 

1740 

113 

5 

1475  COW 

56? 

14500 

56514 

1220 

510 

5 

1471  COW 

561 

11139 

16551 

1215 

773 

5 

1471  COW 

561 

77000 

16564 

1110 

360 

S 

147$  ;049 

560 

70700 

56570 

lito 

14) 

5 

1471  :019 

570 

20710 

56590 

1510 

510 

5 

1471  coia 

571 

75000 

56650 

1570 

100 

5 

147$  C043 

577 

75679 

56650 

1560 

100 

5 

1471  COW 

571 

71450 

56660 

1600 

10) 

5 

1471  C04» 

571 

75140 

16660 

1600 

109 

5 

1471  :04 

575 

71910 

16670 

1610 

10) 

5 

1471  COW 

576 

71950 

16670 

1610 

109 

$ 

1471  COW 

577 

74170 

16690 

1610 

10) 

5 

1471  COW 

571 

71050 

16640 

1610 

100 

5 

1471  COW 

570 

7557) 

56710 

1670 

100 

5 

1475  COW 

550 

76110 

16710 

1674 

109 

5 

1471  COW 

511 

77719 

56770 

1570 

109 

5 

1471  COlO 

552 

75170 

56790 

1670 

10) 

5 

1475  COW 

511 

76410 

56900 

1770 

100 

5 

147$  COW 

551 

26110 

56100 

1560 

10) 

5 

147$  COW 

555 

76170 

56110 

1780 

10) 

5 

1471  COlO 

516 

79120 

16110 

1710 

10) 

5 

1471  COW 

517 

10160 

$6510 

1780 

10) 

5 

1475  COW 

581 

11700 

$6560 

1410 

10) 

5 

1471  COID 

510 

17760 

56010 

7070 

10) 

5 

1475  COW 

500 

11160 

5601) 

7080 

10) 

5 

1475  COW 

501 

11190 

16070 

7150 

88) 

5 

147$  COW 

507 

74160 

16670 

7540 

849 

5 

1471  COW 

501 

1507O 

56702 

9040 

170) 

5 

147$  CO50 

505 

14200 

56711 

1170 

440 

5 

1471  COW 

600 

17659 

56764 

4115 

85) 

5 

1475  COW 

605 

OOltO 

S670S 

6180 

114) 

5 

1475  C04D 

610 

4171) 

56519 

7010 

171) 

S 

1471  COW 

615 

175440 

16910 

•  770 

88) 

5 

147$  COW 

670 

171170 

56570 

4160 

0 

5 

• 

147$  COW 

116 

777 

116  116 
777  711 

Its  • 

717  700 

760  760 

76)  771  775 

9 

788  118 

•40 

#  • 

210000  s 
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